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ABSTRACT

Author: Ghadiri Khanaposhtani, Maryam. PhD
Institution: Purdue University
Degree Received: August 2018
Title: Soundscape Ecology: Rich Contexts for Investigating Conservation Biology & the Effect
of Informal Environmental Experiences on Youth’s Conceptual Understanding, Interest
and Identity Development
Committee Chair: Bryan Pijanowski
Recent educational studies have shown increasing lack of interest and participation of youth
(ages 10-14 years old) in various STEM (Science, Technology, Engineering and Mathematics)
fields in the U.S. The decline in the number of youth choosing to study STEM fields in higher
education and the resulting lack of STEM professionals in the society has drastic economic
impacts. Therefore, it is critical to introduce youth to quality STEM education that engages them
with science practices and triggers their interest and curiosity in order to increase their
participation in those fields. To address this issue, the aim of this study is to introduce a new
ecological topic called soundscape ecology to middle school youth and high school students who
are visually impaired. This study will use an informal summer camp setting to develop
conceptual understanding, interest and identity in STEM via soundscape ecology. Soundscape
ecology is a new emerging science that takes a holistic approach toward conservation biology
and bridges across all STEM content areas. The focus of soundscape ecology is on the acoustic
environment that is composed of different sounds originating from a variety of sources. The
current study presents a combination of ecological and educational research. It includes an
independent field research in soundscape ecology which led to the design of the soundscape
ecology curriculum. The findings of the soundscape research supported the negative sonic and
non-sonic impact of highways on bird biodiversity and acoustic diversity. It provided evidence of
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how forest interior specialist birds are attracted to habitats furthest from the highways because
low frequency road noise masked their vocalizations and interrupted their communication. In
addition, this study contains three qualitative research studies on the cognitive and affective
development of participants in the soundscape ecology summer camp. The results of the
qualitative studies show that the soundscape ecology curriculum is a great fit for an informal
summer STEM camp setting and can be adapted for a variety of audiences with different
abilities. Furthermore, the natural context of the soundscape camp allowed participants to engage
with soundscape ecology in a natural setting, promoted their engagement with authentic
technology and scientific practices, and supported collaboration with their peers and soundscape
ecologists. Participants in the soundscape summer camp gained cognitive and affective
development as they developed a more comprehensive understanding of the complexities
involved in soundscape ecology. Importantly, the experience also broadened and deepened the
students’ interests in science and being a scientist, as they developed a stronger scientific
identity. The findings of this study have implications for STEM curriculum designers,
researchers and informal education practitioners working on area of environmental education,
youth interest development, conceptual understanding construction and science identity
development.

Keywords: Informal education, Soundscape ecology, Curriculum design, STEM Education,
Science Interest, Conceptual understanding, Identity
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INTRODUCTION

STEM (Science, Technology, Engineering and Mathematics) education in the United States is
currently undergoing a massive transformation as the nation attempts to prepare its citizens for a
much more competitive global economy. The K-12 educational system in this country has faced
numerous challenges toward producing an adequate number of STEM educated specialists and a
general public that has a fundamental understanding of science and related fields. As technology
changes the way we conduct our daily lives and makes people productive workers in society, there
is a growing recognition that STEM learning needs to be more comprehensive across all STEM
areas, a life-long process, and more broadly engaging of individuals from underrepresented groups,
like minorities, women and those with disabilities (Falk et al. 2016; Fraser and Maguvhe 2008).
Recent educational initiatives at the federal level have made numerous suggestions for
addressing the first challenge – namely, to make STEM education more comprehensive (Next
Generation Standards 2013). Many of the new, emerging sciences already bridge many STEM
areas as they address large societal problems. STEM areas such as the health sciences,
environmental sciences, and informatics, to name a few, require knowledge and synthesis across
science, technology, engineering and mathematics. In the environmental sciences, a new emerging
science called soundscape ecology takes a holistic approach toward conservation biology.
Traditionally, the focus of ecological topics was mainly on the spatial pattern of land cover or land
use that made this field to be highly dependent on visual cues to detect any changes resulting from
the natural processes and human activities. However, landscape spatial elements create a
secondary attribute called acoustic environment that is composed of a variety of sounds originating
from different sources (Pijanowski et al., 2011a; Pijanowski et al., 2011b) and it is defined as
‘‘soundscape’’ (Schafer, 1977, 1993). Soundscape is a combination of all sounds in an
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environment that has spatial and temporal patterns (Pijanowski et al. 2011a). Soundscape ecology
brings together information from the field of acoustics (integrating physics and mechanical
engineering), data mining (statistical and cyber infrastructural engineering), animal behavior
(biology), and atmospheric (geology and geography). While natural soundscapes are threatened
due to noises that are products or by-products of industry and modernization, raising awareness
about the importance of acoustic environment and educating youth about STEM-oriented field of
soundscape ecology support the conservation of soundscape diversity. Soundscape conservation
highly depends on having communities that value landscapes and the corresponding soundscapes.
Producing more competent environmental stewards in STEM-oriented environmental fields
such as soundscape ecology requires engaging people at a young age in creative ways as well as
providing a means for them to work with scientists and scientific technology in the field. Informal
learning, which is learning outside of the traditional classroom and class laboratory settings, has
long been recognized for its potential to provide people with both cognitive STEM skills (e.g.,
knowing facts and understanding concepts) as well as affective (e.g., appreciation for science,
personal identification with being a scientist, and valuing science). Given the Next Generation
Science Standards objective to teach STEM in a very integrative way, there are opportunities to
use soundscape ecology to introduce STEM in an informal context. The following info-graphic
(Figure 1-1) demonstrates the entire process of soundscape education curriculum construction
from design to implementation and revision.

Figure 1-1 The entire process of soundscape education construction
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Because many societal problems of the 21st century are what some refer to as “wicked”
(Conklin, 2001), bringing diverse perspectives together to address them is necessary. People with
various backgrounds, from urban, rural, impoverished, and disabled, will increase the STEM field
workforce. Developing curricular materials that are sensitive to their needs and value their
perspectives is likely to assist in efforts to recruit them to STEM fields or provide them with an
appreciation of STEM work that improves national competency in STEM.
Purdue University was awarded a large grant from the National Science Foundation’s
Advancing Informal STEM Learning (AISL) program that focusses on the topic of soundscape
ecology. This Purdue led grant partnered with several informal learning groups, the Connecticut
Science Center, the Perkins School for the Blind and the National Audubon Society. One of the
objectives of the NSF grant was to develop curricular materials for middle school youth that
introduce the broad concepts of soundscape ecology, physics of acoustics, the scientific method,
animal behavior, geography and the neurological basis of hearing and sound production in animals.
The vision set out by Dr. Pijanowski upon start of my graduate program and in line with the
NSF project objectives, was to pursue parallel routes for my dissertation. Under his supervision I
embarked on advancing scientifically both as a soundscape ecologist and develop my expertise in
the field of informal education. What follows is my efforts in the two areas with each chapter
addressing a different aspect of my training. To achieve the objective, I learned about the topic of
soundscape ecology through conducting scientific research in the field to be able to gain enough
knowledge to design the soundscape curriculum. As these new curricular tools were being
developed, an assessment of their effectiveness for both cognitive and affective skill development
was needed. Hence, the objectives of my dissertation are to 1) conduct independent soundscape
ecology field research, 2) develop curricular materials for this NSF AISL project that integrates
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key STEM concepts with different levels of technology; 3) assess the effectiveness of the
soundscape curriculum to convey key STEM concepts and ideas on diverse audience, and to 4)
understand the contribution of teaching soundscape in informal setting on cognitive and affective
development of participants. Through the completion of graduate coursework, independent
research, public outreach, engagement with youth, and curriculum development, I seek to become
a scholar able to:
1. Conduct independent field research in soundscape ecology. Manuscript derived from
my chapter 1 is one such example of work that has been submitted and is under review in the
journal of Landscape and Urban Planning (Chapter 2);
2. Develop impactful curricular materials that can be implemented in an informal learning
setting such as outdoor summer camps. The curriculum I developed has been through formative
and summative evaluation and has been published online and free for download at
https://www.purdue.edu/fnr/ilisten/educators/for-summer-camp-educators/
3. Conduct several educational qualitative research to examine informal learning by youth
of a STEM field of study that is highly integrated across disciplines. One of the three resulting
manuscripts from this section has been published at the “International Journal of Science
Education” (Chapter 3), and the second one has been published at “Connected Science Learning”
(Chapter 4).
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EFFECTS OF HIGHWAYS ON BIRD DISTRIBUTION
AND SOUNDSCAPE DIVERSITY AROUND ALDO LEOPOLD’S
SHACK IN BARABOO, WISCONSIN, USA

This chapter has been submitted to the peered reviewed journal of ecology called Landscape and
Urban Planning and we are working on the reviewers’ response.

2.1. Introduction
In the study of environmental ethics and wilderness conservation, one cannot overstate the
impact of Aldo Leopold’s (1887 – 1948) work, as his naturalistic observations became a
cornerstone of the conservation biology movement and wildlife ecology (Burke, 2000; Callicott,
1990, 1999; Flader, 1994). Much of the observation and writing that critically shaped his ideas
took place on his property in south-central Wisconsin where he authored his seminal book, A
Sand County Almanac. This groundbreaking work poetically describes the ethics, policies, and
land management practices necessary to preserve ecological integrity while meeting human
needs. Leopold observed that the soundscapes of his land were substantially influenced by bird
populations (Bocast, 2013; Leopold, 1970), which are now used as indicators of environmental
health (Bocast, 2013; Gregory and van Strien, 2010). In the early 1960s, however, Interstate 90
(I-90) and Wisconsin State Trunk Highway 78 (now I-39) were routed near this historically
significant area, consequently changing its soundscapes.
Ecosystem functions depend on structural characteristics, including vertical vegetation
profiles (MacArthur and MacArthur, 1961) and plant species composition (James and Wamer,
1982). Forest birds, in particular, depend on structural characteristics that determine habitat
suitability (MacArthur, 1964; MacArthur and MacArthur, 1961) by providing foraging and
nesting opportunities as well as suitable locations from which vocalizations will propagate well
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(Farina and Belgrano, 2006; Pijanowski et al., 2011a). Unfortunately, humans often cause
adverse changes to natural landscapes that lead to biodiversity loss (Pimm et al., 1995; Vitousek,
1994). More specifically, road networks affect bird populations (Benítez-López et al., 2010;
Habib et al., 2007; Reijnen and Foppen, 2006) by physically fragmenting habitats and by
generating traffic noise, which we define here as non-functional, unintentional, low-frequency
sound (< 2 kHz) caused by on-road vehicles. Traffic noise can drastically affect avian
communication, as this frequency range overlaps with the frequency ranges in which some bird
species produce sound. Such continuous anthropogenic noise disturbs complex animal social
structures (Cartwright et al., 2014), as acoustic communication is vital for birds to find mates,
defend territories, hunt, and navigate landscapes (Catchpole and Slater, 2003; Farina and
Belgrano, 2006).
Acoustic communication occurs in the context of a soundscape—the total collection of all
biological, geophysical, and anthropic sounds (biophony, geophony, and anthrophony,
respectively) occurring at a given place over a given time period (Pijanowski et al., 2011a;
Pijanowski et al., 2011b; Qi et al., 2008). Birds and other animals have evolved to communicate
effectively in the natural physical structure and biophonic and geophonic conditions of their
habitats (Lengagne and Slater, 2002; Luther, 2009; Morton, 1975). Anthrophony represents a
potential impediment to such communication, however, and soundscape studies can be used to
consider the propagation of anthropogenic noise and the interactions between biophony and
anthrophony. Recently, soundscape analyses have also been used to quantify biodiversity and
spatiotemporal ecological change (Dumyahn and Pijanowski, 2011b; Francis et al., 2011b; Parris
and Schneider, 2009; Pieretti and Farina, 2013; Shannon et al., 2016; Sueur and Farina, 2015;
Summers et al., 2011). Some adverse impacts of roads on birds including edge effects,
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population isolation, and road mortality have been well documented (Barber et al., 2011; Barber
et al., 2010; Forman, 2003; Forman and Alexander, 1998), although there has been insufficient
research on how roads impact avian soundscape contributions (Duarte et al., 2015; Pieretti and
Farina, 2013). In order to promote avian conservation, it is necessary to understand the sonic and
non-sonic impacts of roads on bird communities in order to implement landscape-level
conservation strategies to sustain bird communities (Francis et al., 2011b; Smith and Pijanowski,
2014).
In this study, our objective was to evaluate the impact of two major highways (I-90 and I39, hereafter referred to as “highways”), on the bird community in the Leopold-Pine Island
Important Bird Area (LPIIBA). This impact was quantified through avian point counts and
passive acoustic monitoring. This study was also intended to demonstrate the utility of
soundscape studies in evaluating disturbance impacts. Birds are highly dependent on acoustic
communication and monitoring the acoustic diversity of bird communities is a valuable strategy
to assess the consequences of sonic and non-sonic ecosystem disturbances. Furthermore, we
sought to understand how other dominant landscape drivers affect bird distribution in a
landscape of upland deciduous forest, floodplain forest, and herbaceous wetland at LPIIBA. To
achieve these objectives, we 1) quantified the effect of distance from highways on the overall
abundance, species richness, and composition of the bird community, 2) quantified the relative
soundscape contributions of biophony, here dominated by bird sounds, and anthrophony,
produced by highways in the study area, 3) investigated the effect of highways on avian acoustic
diversity, and 4) examined the impact of other habitat structure variables on the bird community.
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2.2. Methods
Study Area
This study was conducted in the LPIIBA, located in Sauk and Columbia Counties of
Wisconsin, along the Wisconsin River. The LPIIBA includes the Leopold Memorial Reserve
(with the historic Aldo Leopold Shack), the Wisconsin Department of Natural Resources Pine
Island Wildlife Area, and several private and federally owned tracts. This mixed forestgrassland-marsh landscape comprises three primary habitats: upland deciduous forest, floodplain
forest, and emergent herbaceous wetland dominated by shrubs and trees (Figure 2-1; Leigel,
1982; Sauk County Report 2001). The elevation ranges from 245 to 286 m above sea level, and
much of the area is periodically flooded by the Wisconsin and Baraboo Rivers.

Figure 2-1 The location of avian point-count and acoustic recording sites at the
study area. (Color online)
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2.2.2 Avian point counts
A trained observer (MJM) conducted avian point counts at 150 sites in the upper LPIIBA,
south of the Wisconsin River. Sites were evenly distributed along parallel transects, with
transects and sites along transects placed 400 m apart. Point counts were performed during the
breeding season (May to July) of 2011 during the hours of 0500 to 1000 (GMT -6) when many
birds are usually acoustically active (Bibby et al., 1992; Díaz, 2006; Laiolo, 2002). For each
single visit at each site, the species and number of birds seen or heard within a 200 m radius
during a period of five minutes were recorded (Mossman et al., 2009). Sites were only visited
once to prioritize spatial representation over temporal repetition. Point counts were not
conducted on windy or rainy days. Sites closest to highways were surveyed on weekends and
holidays to minimize the impact of traffic noise on bird detection. As many identified birds tend
to maintain territories throughout the breeding season, territory change in response to daily
variation in traffic noise—and any bias introduced by weekend/holiday sampling near the
highways—was likely minimal and secondary to the bias that might have been introduced by
impaired detection (Pieretti and Farina, 2013; Reijnen et al., 1995).
2.2.3 Soundscape Recordings
For soundscape analysis we focused exclusively on floodplain forest due to its large
spatial coverage and even distribution in the study area, the need to capture the soundscapes of
replicate sites, and a limited number of recorders. We collected soundscape recordings from
seven sites in floodplain forest using automated digital acoustic recorders (Model SM2+;
Wildlife Acoustics, Inc.; Maynard, MA, USA). The recording sites were located at different
distances from highways (450 to 2000 m), providing varying exposure to traffic noise. A
minimum distance of 100 m separates the recording sites to ensure independence. The recorders
captured 10 minutes of audio at the top of each hour from 0500 to 1100 (GMT -6) between June

10
11th and June 22nd, 2012 (inclusive). This time frame captured dawn choruses and was
contemporaneous with the point counts of the previous year. We recorded in stereo at a sampling
rate of 44.1 kHz using the uncompressed .wav file format. Given the time of day, we assumed
that the recordings were dominated by bird sounds. Trained observers (MG and AG) listened to
the first 30 seconds of each recording and coded the recordings according to weather condition,
recording quality, and intensity of bird sounds. Rainy and windy recordings, as well as
recordings including cricket and frog sounds, were identified and removed from the analyses.
We also excluded recordings from 0500 to 0600 because of the negligible bird activity during
that time. The resultant data set contained 420 recordings.
2.2.4 Bird Community Descriptors
We determined four bird community descriptors: 1) total number of individuals (hereafter
referred to as “overall abundance”), 2) number of species (hereafter referred to as “species
richness”), 3) species assemblage (the identities of the species; hereafter referred to as
“community composition”), and 4) acoustic diversity. The first three descriptors were quantified
for each point-count site, and the last was quantified for each acoustic recording site. For
community composition, only the presence/absence of each species was considered. Following
Julliard et al (2004), we focused exclusively on bird species with a total abundance of more than
three individuals observed throughout the study area to avoid “incidental observations” (Murray
et al., 2017). Accordingly, we only considered 46 of the 54-total species (Appendix A).
Interspecies differences in detectability through point counts can affect the estimation of “real”
community descriptor values. Assuming that this bias is consistent throughout the study area,
however, we consider “observed” community descriptor values as sufficient to evaluate the
effects of the highways on the bird community.
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The acoustic production of a bird community will reflect its diversity, behaviors, and
abundance (Gasc et al., 2015). Acoustic diversity was measured through two acoustic indices
calculated at each recording site: the Acoustic Diversity Index (ADI) (Villanueva-Rivera et al.,
2011) and the Normalized Difference Soundscape Index (NDSI) (Kasten et al., 2012). The ADI
reflects the Shannon diversity of 1-kHz frequency bins based on their associated amplitudes
above a threshold of -50 dBFS. In addition, to evaluate the level of traffic noise across the area,
we used NDSI. The NDSI quantifies the relative soundscape contributions of biophony, here
dominated by bird sounds, and anthrophony, here dominated by traffic noise. The biophony
range for the NDSI was defined as 2 to 10 kHz, while the anthrophony range was defined as 1 to
2 kHz. Possible index values range from -1 to 1, where negative values indicate a soundscape
dominated by anthrophony and positive values indicate a soundscape dominated by biophony.
Audio file manipulation and acoustic index calculation were performed using R (Team, 2016)
and the packages “tuneR” (Ligges, 2013), “soundecology” (Villanueva-Rivera et al., 2016), and
“seewave” (Sueur et al., 2008).
2.2.5 High priority species
The LPIIBA Strategic Vision (Mossman et al., 2009) identified several bird species that
are, “considered of conservation priority due to declining breeding populations in the state or
elsewhere in their range, declining or vulnerable habitats, specialized habitat requirements, or
some combination of these”. These species were also selected because they are good candidates
to inform management decisions due to their well-documented habitat associations and their
ability to serve as indicators of desirable plant-animal communities in the LPIIBA, (Mossman et
al. 2009, P. 7). The high-priority species found in the study area are Field Sparrow (Spizella
pusilla), Marsh Wren (Cistothorus palustris), Sandhill crane (Antigone canadensis), Swamp
Sparrow (Melospiza georgiana), and Willow Flycatcher (Empidonax traillii) (Appendix A).
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2.2.6 Land Cover and Vertical Structure
Spatial and structural characteristics of the mixed landscape of the study area were
calculated using the Geographic Information System (GIS) ArcMap. Data from Light Detection
and Ranging (LiDAR) and the National Land Cover Database (NLCD 2011) were used to map
land cover of the study area. For greater precision regarding this study area, we refer to the
NLCD’s “woody wetland” class as “floodplain forest”. This classification also includes shrub
swamp and areas that are shrubby marshes. Distance from highways and distance from rivers
were extracted from other GIS layers (U.S. Major Highways (Streets dataset) and NHDF lowline
(National Hydrology Database)). Discrete-return airborne LiDAR that partially covered the study
area was acquired in May 2005 and the area did not exhibit noticeable changes in habitat
structure during the seven-year period between the LiDAR survey and acoustic recording (M.
Mossman, personal communication, December 4, 2017). The partial LiDAR coverage forced us
to limit the number of point count sites to 32 for use in further analysis considering the
relationship of spatial and structural variables with acoustic indices.
The LiDAR point cloud data were processed at 65ft (19.812 m) spatial resolution so that
each pixel used to generate a vertical profile averaged 183 points. The LiDAR point cloud data
were clipped using a 10-m radius buffer around the point-count and acoustic recorder sites.
Density of point collected on 10 m radius (average points per radius are 47 points) can be used to
generate various forest structure layers with a high resolution. The following vertical structural
characteristics of the vegetation were then extracted from the clipped point cloud data as
described by Pekin et al. (2012) and Jung et al. (2013): 1) relative heights (RHs)—elevation
above ground of the corresponding energy percentile in the vertical profile (e.g., RH100 is
maximum canopy height and RH25 is height of 25% of the canopy), 2) canopy cover (CC)—
intensity sum of all non-ground points divided by intensity sum of all points, 3) number of strata
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(NOS)—number of clusters in the vertical profile, and 4) vertical gap index (VGI)—total
distance between individual canopy strata (empty vertical space) divided by RH100 (see
Appendix B for the full list of variables and Appendix C for LiDAR metric details).
The LiDAR data were also used to generate an open space layer, defined as areas with
RH100 < 2 m (Brokaw, 1982). The open space raster layer was processed to remove small
patches by applying a 3x3 filter and then coding the raster to a binary layer (0 = patches with
area < 10 000 m2; 1 = patches with area > 10 000 m2). The resulting open space raster layer
called “large open space” was then converted to a polygon layer for further analysis. Afterward,
the distance of each site from the closest open space (Dis_OS) and the area of that open space
(Area_OS) were quantified. To determine the proportion of open space around each point-count
and acoustic recorder site, the number of open space cells within a 10-m buffer of the site were
divided by the total number of cells within the buffer. It was labeled “B10”. We performed the
above calculations for all 7 acoustic recorder sites and the 32 bird survey sites that were within
LiDAR coverage.
2.2.7 Statistical Analysis
To evaluate the effects of distance from highways on overall abundance and species
richness in upland deciduous forest, floodplain forest, and emergent herbaceous wetland (n = 29,
79, and 42, respectively), we employed separate linear regression models for each habitat type
and dependent variable. We also conducted separate analyses of similarities (ANOSIMs) for
each habitat type to test for differences in community composition between binned distances
from highways. For floodplain forest, we calculated separate multiple linear regression models
treating overall abundance, species richness, and each acoustic index as the dependent variable
and distance from highways, distance from river, and habitat structure variables as independent
variables. Further details regarding these tests are described below.
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To examine the impact of a road on community descriptors, it is important to identify the
relevant range of distances over which such an impact can be observed (Alkemade et al., 2009).
To find the appropriate spatial scale or “effect-distance” (Reijnen and Foppen, 2006) at which to
evaluate changes in descriptors, the relationships between descriptors (richness and abundance)
and distance from highways were quantified within different buffer distances in 500-m
increments. For this test, all point-count sites were considered because they were widely
distributed across a range of distances from highways (varying from 60 m to 4000 m). Linear
regression models of bird diversity indices as functions of distance from highways were applied
based on data within the following buffer distances: 0 – 500, 0 – 1000, 0 – 1500, 0 – 2000, 0 –
2500, 0 – 3000, 0 – 3500, and 0 – 4000 m. F-statistics increased with increasing buffer distance
and reached a maximum at 0 – 2000 m before decreasing (Figure 2-2). Given this result, analyses
were performed only on data within a buffer distance of 2000 m from highways.
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Figure 2-2 F-statistics for regressions on bird abundance and richness as functions of distance from
highways (relative to the highest F-statistic).1

For each of the linear regression models employed, the following model assumptions
were verified: 1) independence of observations, 2) non-multicollinearity of independent
variables, 3) heteroscedasticity, linearity, and normality of residuals. To avoid multi-collinearity
effects among independent variables in the multiple linear regression models, t-tests on pairwise
Pearson correlations between the independent variables were performed using “car” (Fox, 2002),
and “psych” (Revelle, 2014) packages. If variables were correlated—with coefficients > 30 and
p-values with a Holm correction < 0.05—one of the correlated variables was excluded from the

Separate regressions were run using various distance limits ranging from 500 – 4000 m from
highways. Empty circles represent non-significant relationships, while the full circles represent
significant relationships. The dashed line shows the distance limit with the highest F-statistic.
1
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models (Holm, 1979). These excluded variables were RH100, RH75, RH50, CC, Dis_Riv, and
Area_OS, and remaining variables were Dis_HWY, VGI, NOS, B10, and Dis_OS. Linearity,
heteroscedasticity, and normality of residuals were graphically evaluated using scatterplot,
bptest, and qq-plot, respectively (from the R package “lmtest” (Zeileis and Hothorn, 2002);
Appendix 4).
To investigate the variation of bird community composition with the distance from
highways, sites were grouped into four distance ranges (0 – 500, 500 –1,000, 1,000 – 1,500, and
1,500 – 2,000 m), and differences were tested by an ANOSIM with 1,000 permutations using the
R package “vegan” (Oksanen et al., 2016). As many acoustic observations (5 recordings per day
over 12 days) were collected for each acoustic recording site in floodplain forest (n = 7), acoustic
index values were averaged within each site to ensure the independence of these values. For each
multiple linear regression model, we conducted backward stepwise regression analysis (stepAIC)
using the R package “MASS” (Venables and Ripley, 2013). The best model was selected using
the Akaike Information Criterion (Akaike, 1981), where the best model has the lowest AIC and
all models within ∆AIC < 2 are acceptable.

2.3. Results
The overall abundance per point-count site ranged between 6 and 31 with a mean of
16.10 and a standard error of 0.36 throughout the study area. Species richness ranged between 2
and 20 with a mean of 10.81 and a standard error of 0.26. Among the 46 bird species considered
in the analyses, Song Sparrow (Melospiza melodia), Common Yellowthroat (Geothlypis trichas),
Yellow Warbler (Setophaga petechia), and Red-winged Blackbird (Agelaius phoeniceus) were
the most abundant, with study-area-wide per-species abundances of 226, 150, 134, and 129,
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respectively. The relationships of species richness and overall abundance with distance from
highways varied for each habitat (Figure 2-3).

Figure 2-3 Impact of distance from highways on overall abundance
and species richness in three habitats within 2000 m of highways.

In upland forests, the results did not show significant relationships. In floodplain forest,
only abundance increased significantly with distance from highways (p-value = 0.01, r2 = 0.11),
while in herbaceous wetland, only richness increased significantly with distance from highways
(p-value = 0.03, r2 = 0.09). The regression models associated with the lowest AIC value
indicated that the drivers of overall abundance and species richness in the study area were: 1)
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distance from highways, 2) vegetation gaps, and 3) number of strata, 4) proportion of open area
within a 10-m buffer, and 5) distance from river. Considering the overall abundance, three
models were equal, and considering the species richness two models were selected according to
AIC (∆AIC < 2). The linear regression models for overall abundance (Abundance= 13.05+
4.69*Dis_HWY -0.95* NOS; p-value = <0.01 and r2 = 0.26) and species richness (Richness=
13.80+ 0.31*Dis_HWY+ 6.38*VGI +1.15*NOS -0.01*Dis_Riv; p-value = 0.01 and r2= 0.22) are
presented in Table 2-1.
Table 2-1 Multiple linear regression models with the lowest Akaike information
criteria (∆AIC < 2) for bird abundance and richness in floodplain forests. Model
B is the second best model with ∆AIC < 2.

AIC
R2
p-value
Dis_HWY

Overall abundance
A
B
C
188.66
188.19
190.27
0.26
0.24
0.26
0.01*
<0.01**
0.01*
0.03*
<0.01**
0.02*

Species richness
A
B
164.26
164.99
0.22
0.20
0.01*
0.02*
0.57
0.14

VGI

—

NOS
0.17
B10
—
Dis_Riv
—
* Significant at 0.05 level
** Significant at 0.01 level

—

0.32

0.13

0.15

0.14
0.20
—

0.12

0.01*

0.03*

0.27
—

—
0.09

—
—

The ANOSIM results showed that bird community composition did not significantly
change at different distances from highways in the upland deciduous forest and floodplain forest,
but composition was significantly different in emergent herbaceous wetland (p-value = 0.02, r2 =
0.12). While community composition was largely unchanged, highway impacts differed by
species, especially for per-species abundance. Figure 2-4 shows the response of some priority
species at different distances from highways within each habitat. Some species such as Field
Sparrow (Spizella pusilla) were present in all three habitats, and their abundance increased with

19
distance from highways within floodplain forest and emergent herbaceous wetland. Marsh Wren
(Cistothorus palustris) were present only in herbaceous wetland, and their abundance was not
affected by distance from highways (Figure 2-4).

Figure 2-4 The impact of distance from highways on the average number of highpriority species per site in different habitats. N shows the number of sites per habitat
within each range of distances from highways. Priority species with no notable
response are not presented in this figure.
The result of the multiple linear regression models showed that the ADI, and the NDSI
were significant based on full model p-values (see Table 2-2). Additionally, the ADI, and the
NDSI significantly increased with distance from highways (Figure 2-5). The significant models
were as follows: ADI = 1.40 + 4.08 * Dis_HWY – 1.29 * VGI + 8.90 * NOS - 5.37 * Dis_Riv,
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p-value = 0.01 and r2 = 0.89; and NDSI=-5.30 + 6.92 * Dis_HWY - 1.37 * VGI + 9.61 * NOS +
3.42 * Dis_OS, p-value < 0.01 and r2 = 0.87.
Table 2-2 Multiple linear regression models with the lowest Akaike
information criterions (AICs) for acoustic indices in floodplain
forests. Model B is the second best model with ∆AIC < 2.

AIC
R2
P Value
Dis_HWY
VGI
NOS
Dis_OS
Dis_Riv

ADI

NDSI

23.01
0.89
0.01*
< 0.01**
< 0.01**
0.02*
—

10.32
0.87
0.03*
< 0.01**
0.09
0.21
—
0.16
—

0.03*

* Significant at 0.05 level
** Significant at 0.01 level
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Figure 2-5 Scatterplot of acoustic index values as a function of distance
from highways. Grey points show all index values per site while the mean
values and standard deviations are shown by red points and error bars. The
dashed line in images shows the linear regression fitted to the data. (Color
online)
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2.4. Discussion
The concept of biological diversity is multi-dimensional (Petchey and Gaston, 2002), and
it is possible to generate different bird community descriptors. Recent research supports the idea
of considering acoustic diversity not only as an indicator of classical diversity—such as overall
abundance or species richness—but also as another unique and separate component of biological
diversity (Gasc et al., 2016; Gasc et al., 2015; Lomolino et al., 2015; Smith and Pijanowski,
2014; Sueur et al., 2008). Accordingly, we used data collected through avian point counts and
passive acoustic monitoring to capture multiple bird community descriptors. Our results support
the concept that these two aspects of biodiversity are complementary. Analyzed together, they
provide enhanced perspective for ecologists to understand disturbance impacts—particularly
those involving noise. The impact of a major highway is twofold: first, its existence fragments
habitats, creates edges, and changes landscape structure; second, noise from its traffic propagates
far beyond its physical borders, potentially interfering with animal communication.
2.4.1 The influence of habitat structure
Many studies have highlighted the effects of habitat structure on the distribution of avian
communities (James and Wamer, 1982; Karr and Roth, 1971; MacArthur and MacArthur, 1961)
as well as the evolution of avian sounds (Boncoraglio and Saino, 2007; Morton, 1975). In the
floodplain forest component of our study, the result of multiple linear regression using distance
from highways, distance from river, and LiDAR data to predict bird community descriptors
revealed that the number of strata (representing structural complexity) contributed to changes in
species richness. The number of strata has been shown to positively affect bird diversity by
increasing feeding and nesting opportunities, resulting in increased abundance and richness
(Berg et al., 1994; Ghadiri Khanaposhtani et al., 2012; MacArthur and MacArthur, 1961).
Overall abundance was negatively affected by distance from river (p-value = 0.04 and r2 = 0.10),
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indicating that proximity to the river promotes higher bird abundance, but distance from the river
was not a significant variable in the regression model. Research has shown how forest riparian
zones support bird communities with high-quality habitat created by the water-land ecotone and
plant composition (Larue et al., 1995), but our findings are consistent with studies such as those
by Whitaker and Montevecchi (1997) and Murray and Stauffer (1995) that revealed no
difference in bird richness and abundance between interior forest and riparian habitats.
2.4.2 The influence of the highways
In addition to the impact of habitat structure on species richness, we identified that
highways also affect overall abundance and species richness, generally shifting the bird
distribution away from highways. In floodplain forest, overall abundance increased with distance
from highways, but species richness and community composition were relatively constant. In
herbaceous wetland, overall abundance was relatively constant, species richness increased, and
community composition changed significantly with distance from highways. Among the three
main habitats in the study area, upland deciduous forest was not well represented as it was
mainly distributed around highways. Its limited distribution could be a possible explanation for
the non-significant change in overall abundance and species richness in that habitat at different
distances from highways. Notable increases in species abundances for interior species such as
white-breasted nuthatch (Sitta carolinensis) and great-crested flycatcher (Myiarchus crinitus)
with increasing distance from highways in floodplain forest highlight some of the impacts of
highways on community composition. These results support those of other studies that have
demonstrated negative impacts of roads on bird abundance and richness (Benítez-López et al.,
2010; Habib et al., 2007; Reijnen et al., 1996; Wiącek et al., 2015). On the other hand, according
to Fretwell (1972) and Van Horne (1983), density of bird populations may not indicate habitat
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quality, as density can be high even in low-quality areas. Studies such as those by Clavero,
Villero, and Brotons (2011) and Devictor, Julliard, Couvet, and Jiguet, (2008) highlighted the
inefficiency of metrics such as abundance and richness in showing the impact of disturbances on
a bird community, and they support the use of community composition metrics. However, in our
study, bird composition did not show any change in floodplain forest related to distance from
highways, perhaps due to our use of presence/absence data and the elimination of uncommon
species in our calculations.
Specialist bird species observed in this study were classified as interior or edge specialists
based on previous studies and observed responses to the physical and acoustic changes caused by
highways. These two groups differ in their habitat structure preferences, reliance on acoustic
communication, and evolutionary acoustic adaptations (Laiolo 2002).
Forest interior specialists avoid edges and prefer complex vegetation structure because of
the plant composition, the greater availability of tree holes, and the abundance of arthropods
(Ghadiri Khanaposhtani et al., 2012; Laiolo, 2002; Villard, 1998; Villard et al., 2007). Interior
specialists rely primarily on sound to communicate, given restrictions on visual communication
due to dense vegetation structure (Farina and Belgrano, 2006; Goodwin and Shriver, 2011;
Morton, 1975). The sounds of interior species tend to propagate well in structurally dense
habitats. These species generally produce low-frequency sounds with limited frequency ranges to
minimize medium absorption and reflective scattering, promoting effective communication
within a densely structured environment (Boncoraglio and Saino, 2007; Goodwin and Shriver,
2011; Morton, 1975). Interior specialists are negatively affected not only by the physical changes
caused by highways, but also by the masking effect of low-frequency noise from highways that
can impair their communication by overlapping with the frequencies those species produce
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(Dumyahn and Pijanowski, 2011a; Habib et al., 2007; Krause, 1987; Pijanowski et al., 2011b;
Reijnen et al., 1995; Rheindt, 2003).
Conversely, edge specialists are attracted to roads, as they prefer open structure with a
rich understory full of shrubs and young trees. Edges create a microhabitat where nesting
opportunities and certain foods are available (Laiolo, 2002; Warner, 1992). These species, such
as red-winged blackbird (Agelaius phoeniceus) and gray catbird (Dumetella carolinensis) live in
shrubs and open countryside and are common along roads. These edge specialist species tend to
produce higher-frequency sounds (Dowling et al., 2011; Francis et al., 2011a; Hu and Cardoso,
2009; Nemeth and Brumm, 2009) and utilize visual display as well as acoustic communication to
attract mates. Therefore, they may be less sensitive to the impacts of traffic noise, and they may
benefit from the suitable habitat conditions created by the presence of highways.
Bird species can evolve adaptations based on the properties of acoustic propagation
throughout their range of habitats, and individuals can modify behavior based on the active
soundscapes in their specific habitats. The Acoustic Adaptation Hypothesis (AAH) refers to the
evolution of bird sounds to maximize the fidelity of signal transmission through specific habitat
structure (Boncoraglio and Saino, 2007; Job et al., 2016; Morton, 1975). Bird sounds are shaped
according to structure-induced absorption and reflection, the amplitude and masking effects of
natural ambient noise (e.g., wind and flowing water), and the hearing sensitivity of the intended
receiver (Farina and Pieretti, 2014; Morton, 1975; Pekin et al., 2012). In a shorter temporal
context, we use the Acoustic Plasticity Hypothesis (APH) to refer to the short-term behavioral
responses to rapidly introduced noise that some bird species employ to mitigate the deleterious
effects of noise on communication, predator detection, territory defense, and mating (Kociolek et
al., 2011; Slabbekoorn and Ripmeester, 2008). APH strategies include producing sound earlier in
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the morning, changing frequency, increasing amplitude, or repeating the high-frequency parts of
sounds to improve acoustic communication (Francis et al., 2011b; Kociolek et al., 2011).
Overall, “the element of time” (Morton, 1975) is a limiting factor in the evolution of sound
production based on the AAH, but over long time scales, changes can be substantial. Behavioral
adaptations based on the APH are achievable in the short term, but they are limited by current
physiological restrictions on sound production. Studies have suggested that many birds have
failed to behaviorally adapt to the interference of anthropogenic noise in their immediate
environments (Rheindt, 2003), and the susceptibility of interior species to noise reflects their
insufficient adaptation to date.
2.4.3 Soundscape impacts
In this study, 2 acoustic indices were used to analyze the impact of highways on
soundscape diversity, and the result of the multiple linear regression models showed that both
ADI, and the NDSI were significantly related to distance from highways in floodplain forest.
Studies using acoustic indices have shown varying levels of correspondence with ecological
hypotheses, and the indices may be subject to bias from varying ecosystem conditions that affect
soundscapes (Fuller et al., 2015; Machado et al., 2017). Fuller et al. (2015) identified the ADI as
a good indicator of dawn and dusk choruses and the NDSI as a good index for connecting
“landscape characteristics to ecological condition and bird species richness”. In our results, the
increase in the NDSI represents the increased ratio of biophony to anthrophony farther from the
highway. The fact that this index takes inputs from two frequency ranges means that variation in
either range could impact the index value. With increased distance from highways, the intensity
of traffic noise (in the lower frequency range) decreases, and this could explain the variation in
the NDSI (Machado et al., 2017). However, the results of the ADI indicate that the decrease in
traffic noise was not the sole explanation for the increase in the NDSI. The ADI, which
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represents an acoustic version of the Shannon Index, had a threshold set to consider only sound
above 2 kHz (which excluded most traffic noise). The fact that this index also increased with
distance from highways means that bird acoustic activity did in fact increase, and also
contributed to the increase in the NDSI. According to the Acoustic Habitat Hypothesis, which
states that habitat selection behavior is based on habitat soundscapes (Mullet et al., 2016), birds
might tend to live farther from noise sources like roads to avoid acoustic masking.
Several studies have shown that the edge effect on bird communities in forest ecosystems
extends about 150 m from the road (Ortega and Capen, 2002). Forman and Deblinger (2000)
quantified the width of the road-effect zone in a forest around a highway as up to 600 m,
defining it as, “the area over which significant ecological effects [on species, soil, and water]
extend outward from a road”. The road-effect zone is associated with vehicular traffic and highly
dependent on the structural and spatial composition of an ecosystem (Forman, 2000; Forman and
Deblinger, 2000). Benítez-López et al. (2010), offered a larger estimate for the effect zone of
traffic noise by asserting that it can affect bird communities up to 2600 m from a road. The bird
survey sites in our study area were an average distance of 1300 m from highways, and despite
the attenuation and absorption of the traffic noise by vegetation structure, low frequency noise
from highways could be heard even at the farthest sites from the highways (1785 m). As our
closest acoustic monitoring site was 466 m from a highway, the acoustic affects we observed
occurred beyond the edge effect range indicated by Ortega and Capen (2002) and beyond the
range of most non-acoustic road effects described by Forman and Deblinger (2000). We can thus
infer that the continued reduction in avian acoustic activity at further distances from highways
could be primarily due to the impacts of traffic noise.

28
As management programs attempt to strategically prioritize their efforts, it is important to
identify dominant drivers of biodiversity and their effects on animal communities in different
ecosystems. In this study, the effect of structural characteristics of the floodplain forest on bird
diversity was relevant, but highways also had significant effects on both overall abundance and
acoustic diversity of the bird community. Across habitat types, the observed increases in overall
abundance, species richness, and acoustic diversity with increased distance from highways
probably result from physical edge effects and the masking effects of traffic noise, particularly
for interior specialists. For species that cannot behaviorally adapt their acoustic communication
such as White-breasted Nuthatch or Great-crested Flycatcher to avoid these masking effects,
sites farther from highways represent superior habitats. Our study examined multiple aspects of
diversity using different methodologies to more robustly understand the impact of highways on
the local bird community, and more broadly, it supports the use of multifaceted biodiversity
monitoring approaches to assess disturbance impacts.
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2.6. Appendices
Appendix A List of bird species recorded in point counts.
Common name
American Crow
American Goldfinch
American Redstart
American Robin
Baltimore Oriole
Black-capped Chickadee
Blue-gray Gnatcatcher
Brown-headed Cowbird
Blue Jay
Blue-winged Warbler
Cedar Waxwing
Chipping Sparrow
Common Yellowthroat
Downy Woodpecker
Eastern Towhee
Eastern Wood-Pewee
Field Sparrow†
Great Crested Flycatcher
Gray Catbird
Hairy Woodpecker
House Wren
Indigo Bunting
Indigo Bunting
Marsh Wren†
Mourning Dove
Northern Cardinal
Northern Flicker
Ovenbird
Rose-breasted Grosbeak
Red-bellied Woodpecker
Red-eyed Vireo
Red-winged Blackbird
Sandhill Crane†×
Scarlet Tanager
Song Sparrow
Swamp Sparrow†

Scientific name
Corvus brachyrhynchos
Spinus tristis
Setophaga ruticilla
Turdus migratorius
Icterus galbula
Poecile atricapillus
Polioptila caerulea
Molothrus ater
Cyanocitta cristata
Vermivora cyanoptera
Bombycilla cedrorum
Spizella passerine
Geothlypis trichas
Picoides pubescens
Pipilo erythrophthalmus
Contopus virens
Spizella pusilla
Myiarchus crinitus
Dumetella carolinensis
Picoides villosus
Troglodytes aedon
Passerina cyanea
Passerina cyanea
Cistothorus palustris
Zenaida macroura
Cardinalis cardinalis
Colaptes auratus
Seiurus aurocapilla
Pheucticus ludovicianus
Melanerpes carolinus
Vireo olivaceus
Agelaius phoeniceus
Antigone canadensis
Piranga olivacea
Melospiza melodia
Melospiza georgiana

Relative abundance
11+*
52-*
33◦
120+*
46+
55+
62+
71+
50+
8-*
2617+
150-*
32+
63+
107+
52◦
67+*
87-*
14+
110+*
2713-*
34-*
37+
37+
14+*
48◦
78◦
18+
41+
12912◦
13◦
22645-*
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Tree Swallow
Tachycineta bicolor
17Tufted Titmouse
Baeolophus bicolor
15+*
Veery
Catharus fuscescens
21Warbling Vireo
Vireo gilvus
51White-breasted Nuthatch
Sitta carolinensis
41+*
†
Willow Flycatcher
Empidonax traillii
20Wood Thrush
Hylocichla mustelina
40Yellow-bellied Sapsucker Sphyrapicus varius
8◦
Yellow-throated Vireo
Vireo flavifrons
40+
Yellow Warbler
Setophaga petechia
134-*
* Species that had a significant response to distance from highways
†
High-priority species
×
Priority species for migration only, not for breeding season
+
Species with positive correlation between species abundance and distance from highways
Species with negative correlation between species abundance and distance from highways
◦
Species with no correlation between species abundance and distance from highways

Appendix B List of all variables used.
Acronym Full name
ADI
Acoustic Diversity Index
NDSI
RH100
RH75
RH50
RH25
CC
VGI
NOS
Dis_HW
YHWY
Dis_Riv
Eco_type

Normalized Difference Soundscape Index
Maximum canopy or tree height
Relative height of 75% of the canopy
Relative height of 50% of the canopy
Relative height of 25% of the canopy
Canopy cover
Vegetation gap index
Number of strata
Distance from highways (m)

Description
The Shannon diversity of proportions of signals in 0.5 kHz frequency bins
above -50 dBFS
The ratio of biophony (2-10 kHz) to anthrophony (1-2 kHz)
All RHs are the elevations above ground of the corresponding energy
percentiles

Intensity sum of all non-ground points divided by intensity sum of all points
Total distance between individual canopy strata divided by RH100
Number of clusters in the vertical profile
Minimum distance from each site to a highway

Distance from river (m)
Type of habitat

Minimum distance from each site to a river
Different types of habitats within the study area were extracted from the
National Land Cover Database 2011

Deciduous forest

“Areas dominated by trees generally greater than 5 m tall, and greater than
20% of total vegetation cover. More than 75% of the tree species shed foliage
simultaneously in response to seasonal change.” (NLCD 2011)
“Areas where forest or shrubland vegetation accounts for greater than 20% of
vegetative cover and the soil or substrate is periodically saturated with or
covered with water.” (NLCD 2011)
“Areas where perennial herbaceous vegetation accounts for greater than 80%
of vegetative cover and the soil or substrate is periodically saturated with or
covered with water.” (NLCD 2011)
According to LiDAR data, areas with canopy height < 2 m were considered
open areas, and the proportion of open area within a10-m buffer around each
site was calculated
The area of large open spaces extracted after a 3x3 raster filtration
The distance from each site to the closest large open space

Woody wetland (referred to as floodplain
forest)
Emergent herbaceous wetland

B10

Proportion of open area within a 10-m buffer

Area_OS
Dis_OS

Area of large open space (m2)
Distance from large open space (km)
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Appendix C Comprehensive explanation of structural and spatial variable extraction from
LiDAR data.

Discrete-return airborne LiDAR data were acquired by the Leica ALS50 System over the study
area in May 2005. These data were used to characterize vertical structure and its spatial pattern
within the study area. Time of flight measurements from the return laser signals were integrated
with measurements from the Global Positioning System (GPS) and Inertial Measurement Unit
(IMU) using proprietary software developed by Leica Geo-systems to geo-reference laser
signals, and resultant LiDAR point cloud data were delivered in an LAS binary file format. The
LiDAR point cloud data were in the Sauk County Coordinate System with NAD83 for the
horizontal datum and NAVD88 for the vertical datum, and they were already classified into
ground and non-ground classes when provided. Average point density of the projected point
cloud data was 0.47 points m-2 on the ground. A static GPS ground survey was conducted in
support of the LiDAR data acquisition, and a comparison between the ground survey and the
LiDAR data acquisition indicated a Vertical Root Mean Square Error (VRMSE) of 8.9 cm
(Ground Control Survey Report, Sauk County, WI).
The 10 m radius around the point-count and acoustic recorder sites was clipped and used
to extract structural and spatial variables (Pekin et al. 2012; Jung et al. 2013). Average ground
elevation of the location was calculated from elevation of points classified as ground, and the
ground elevation was subtracted from the elevation of every point so that elevation of individual
points represent the height above ground. Vertical profiles were then generated from the clipped
points by projecting all points to the vertical axis centered at the plot location.
In addition to the physical LiDAR metrics, an open space map over the study area was
also generated from the LiDAR data. A 10-ft spatial resolution Digital Terrain Model (DTM)

40
was generated by applying a natural neighbor interpolation algorithm to ground points. A Digital
Surface Model (DSM) was also calculated by finding the maximum elevation of points within a
pixel over the same grid structure used for the DTM generation. We adopted a grid structure with
a 10-ft spatial resolution in order to make sure that every pixel had a sufficient number of points
(4.37 points / pixel on average) so that the resulting DSM was smooth and had no gaps. A
Canopy Height Model (CHM) was then generated by subtracting the DTM from the DSM. The
CHM layer represents the maximum canopy height above ground. We adopted the traditional
definition of a forest gap given by Brokaw (1982) to identify open space area, and any pixel
whose CHM value was less than 2 m was identified as open space.
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EVIDENCE THAN AN INFORMAL ENVIRONMENTAL
SUMMER CAMP CAN CONTRIBUTE TO THE CONSTRUCTION OF
THE CONCEPTUAL UNDERSTANDING AND SITUATIONAL
INTEREST OF STEM IN MIDDLE-SCHOOL YOUTH

This chapter has been accepted for publication in the International Journal of Science Education
in 2018.
3.1. Introduction
A keystone of the recent STEM movement is to introduce youth to scientific topics
through visiting informal education settings such as nature clubs, science camps, aquaria,
museums, and zoos. It has been argued by several researchers that learning in informal outdoor
settings promotes experiential learning (Azevedo, 2011; Falk & Storksdieck, 2005; Falk et al.,
2016; Farmer, Knapp, & Benton, 2007; Prokop, Tuncer, & Kvasničák, 2007), and helps youth
build a personal connection with the natural environment (Breunig, Murtell, Russell, & Howard,
2014; Chawla, 2009). In a pedagogical sense, such learning experiences are thought to contribute
to active learning and interest development in science, technology, engineering, and mathematics
(STEM), while also increasing their understanding of environmental issues (DeWitt &
Storksdieck, 2008; Garst, Browne, & Bialeschki, 2011).
There are two major limitations to our knowledge of how informal learning can attract
youth to fields of STEM. First, there are only a few studies that investigate factors that may
contribute to situational interest and conceptual understanding in multi-day or longer education
experiences in informal settings (Fields, 2009; Gibson & Chase, 2002). The majority of the
research in environmental STEM education focuses on brief experiences such as a one-time visit
to zoos, museums or aquaria and these have shown to have a positive impact on youth cognitive
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and interest development in STEM (Dohn, 2011, 2013; Storksdieck, Ellenbogen, & Heimlich,
2005). Second, as many informal learning settings occur in rather curated environments
(Anderson, Lucas, Ginns, & Dierking, 2000; Dohn, 2011; Morag & Tal, 2012; Zimmerman et
al., 2015) little is known about the impact that multi-day or longer experiences in natural settings
can have on the cognitive and affective STEM learning of youth. To address these limitations,
we explored whether there is evidence that a four-day, immersive outdoor soundscape ecology
camp influences youth cognitively and affectively. We proposed the following research question:
how do multi-day environmental outdoor activities contribute to youth’s conceptual
understanding of soundscape ecology and situational interest in STEM? We investigate this
question in the context of three core principles of environmental curricular design (direct
experience with nature, access to authentic technology, and activities promoting collaborative
teamwork) that we argue are critical to improve learning and are consistent with STEM
educational standards.
3.1.1. Conceptual Framework for Informal STEM Learning
Previous studies on informal STEM experiences have focused on cognitive and affective
outcomes (Figure 3-1-A&B), such as conceptual understanding (Figure 3-1-C) and interest (Figure
3-1-D) in order to better understand the contribution of such learning experiences (Dohn, 2013;
Falk et al., 2016; Gabel, 2003; Schwartz, 2011). Conceptual understanding (Figure 3-1-C) is a
cognitive outcome that involves the gradual accumulation and refinement of concepts, known as
the “basic units of knowledge,” which form stronger cognitive structures around a topic or a broad
discipline (Scott et al., 2007, p. 35). Conceptual understanding is developed when learners make
sense of the educational concepts or curricular topics and relate them to existing knowledge
(Figure 3-1-E). For example, learners can develop a deeper conceptual understanding of ecological
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concepts such as climate change, biodiversity, and evolution through engaging in hands-on
outdoor activities (Dickerson, Penick, Dawkins, & Van Sickle, 2007) and relating those topics to
their everyday life (Venville & Dawson, 2010).

Figure 3-1 Conceptual framework describing how interest and conceptual understanding fit
into the cognitive and affective learning outcomes within educational contexts.2

Interest (Figure 3-1-D) is another learning outcome that contains cognitive and affective
motivational factors that develop according to an individual’s experience (Renninger, 2009).
Interest is comprised of affect (e.g. positive emotions), knowledge (e.g., STEM topics), and value
(e.g., importance of the topic), and determines the level of engagement in a given subject or topic

2

In early stages of interest, an individual displays high affect and value towards a given topic.
As interest develops from “situational interest” to “individual interest”, the individual attains
higher stored-knowledge, self-efficacy, and engagement.
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(Hidi & Renninger, 2006; Krapp, 2002; Renninger, 2007). Interest plays an important role in
learning and is closely related to other motivational constructs (e.g., intrinsic motivation) such as
cognitive functioning (e.g., memory) (Dohn, 2013; Falk et al., 2016; Hidi & Renninger, 2006).
Current research on learning motivation often divides interest into two main categories:
situational interest (Figure 3-1-F) and individual interest (Figure 3-1-G). Situational interest refers
to a sudden or short-term attraction or emotional reaction to an external factor in the environment,
while individual interest refers to a long-term engagement with a topic and more frequent
participation in activities related to that topic (Renninger, Hidi, & Krapp, 2014). In the four-stage
interest development model, Hidi and Renninger (2006) suggested that interest develops from
situational interest into individual interest through continually engaging with, building knowledge
of, and ascribing value to a subject or a topic. According to this model, situational interest may
develop into individual interest by continually providing learners with positive learning
experiences such as joy (Krapp, 2002), engagement with hands-on activities (Azevedo, 2011;
Dohn, 2013), and promoting the acquisition of the meaning, value, and knowledge of topics (Dohn
2011, 2013). Azevedo (2011) conceptualized the process of interest development as “lines of
practice”, a framework that emphasizes a learner’s long-term engagement with the practices of a
subject and its related activities. For example, when developing an interest in fishing, a person
may also partake in other related activities such as building and using fishing tools, being outdoors,
and camping. In this way, the learner develops an interest in not only the main topic (e.g., fishing),
but also in related activities. “Lines of practice” research highlights that cultivating higher-level
interest often requires learning experiences that extend beyond the classroom and focus on handson activities. Meaningful and enjoyable learning experiences are essential in triggering a learner’s
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situational interest because they contribute to his or her lines of practices, and as a result support
his or her learning motivation and conceptual understanding.
3.1.2. An Overview of the Soundscape Ecology Camp
In this research study, participants were introduced to a set of learning activities focused
on the environmental topic of soundscape ecology. These activities were designed for a longterm informal outdoor educational experience. Soundscape ecology is a new, interdisciplinary
STEM-oriented area of research situated within the broad discipline of ecology. A “soundscape”
is the combination of all sounds in a particular location at a specific time (Pijanowski, Farina,
Gage, Dumyahn, & Krause, 2011). Soundscape ecologists categorize sounds that originate from
biological, geophysical, and anthropogenic sources defined as biophony, geophony and
anthrophony, respectively (Pijanowski, Villanueva-Rivera, et al., 2011). As an example, the
soundscapes of a Costa Rican rainforest are rich in biophony due to its high biodiversity, while
the soundscapes of deserts are dominated by geophony, especially wind, because of climate
dynamics. Through a combination of acoustics and ecology, soundscape ecology is well suited to
teach STEM topics, including biology (e.g., animal communication), authentic technology (e.g.,
environmental sensors and computer programming), physics (e.g., physics of sound), and
mathematics (e.g., calculating acoustic measurements). Furthermore, soundscape ecology can be
taught in an informal outdoor setting; it can serve as an excellent platform for an authentic
learning experience. Learners are actively engaged in hands-on activities that model traditional
scientific practices, and they conduct these activities in real-world contexts, such as in “the field”
(Newmann, Marks, & Gamoran, 1996). For example, participants can learn about the
interactions between natural and human-made sounds at a local park by using advanced audio
recording technology.
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In this study, an informal outdoor educational experience was provided through a four-day,
inquiry-based soundscape ecology camp. The objectives of the soundscape ecology camp were to
encourage participants to learn concepts related to soundscape ecology and STEM, and to work
with authentic recording technologies used by the community of practice. In this science camp,
participants learned how to propose soundscape-oriented scientific questions and design their own
research projects. The target audience for this camp was middle school youth (10-12 years old), as
this age group has the appropriate level of background in science to process the complex topics in
soundscape ecology (Gennaro, Sigford, & Heller, 1983). Also, middle school youth are in a critical
stage of development with regard to developing their attitudes and beliefs toward STEM (Maltese
& Tai, 2011) and environmental topics (Chawla, 2009).

3.2. Methods
To understand the cognitive and affective impacts of an outdoor environmental camp
experience on youth, we applied qualitative research approaches and conducted inductive analyses
that were grounded in naturalistic inquiry (Patton, 2005) to explore emerging themes and patterns
from data that we collected in the field (Patton, 2005; Thomas, 2006). During the soundscape
camp, a variety of evidence was collected through different instruments including drawing
activities, questionnaires, an interview, and field-observations. The researchers (MG and CL)
interpreted the meaning of participants’ construction of reality, and their conception of soundscape
ecology, and their interest in soundscape ecology using the collected data. The data represent the
interaction of participants with the environment (activities, instructor, peer learners, and the
physical environment) and their engagement with different activities. Using inductive analyses and
content analysis, we extracted and generated codes, categories, and themes from data to answer
the research questions. As is common in qualitative research, interpretations were grounded in the
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researchers’ conceptions, professional experiences, and their understanding of the contents
(soundscape ecology and informal education). Shepardson et al. (2007) suggested that the
“meaning is not discovered in the students’ written language and drawings but constructed in the
mind of the authors within a socio-cultural context” (p. 331). In this study, the researchers
determined the meaning of the participants’ construction through open coding of different data
types, including an interview, a drawing activity, and writing tasks in a questionnaire in order to
interpret the data and draw conclusions.
3.2.1. Site
This study was conducted at a summer camp at an Audubon Center, a 700-acre (2.83 km2)
nature sanctuary in Northeastern Connecticut. The center was founded in 1673 and designated as
an Important Bird Area (IBA). It included a variety of diverse habitats including temperate forest,
a prairie, creeks, and a large hill called “Cascade” that has a waterfall towards its top (Appendix
A). Participants could explore the different habitat types and experience a variety of wildlife and
diverse soundscapes, and also at learning stations indoors. The main building had a large classroom
where participants had access to computers equipped with sound visualization software (Appendix
B). Adjacent to the classroom was a “bird balcony” with many bird feeders facing an open
grassland that was populated by many birds. The classroom was within close walking distance to
all of the different outdoor environments described above.
3.2.2. Participants/Campers
Seven participants—five males and two females—ranging from 5th to 8th grade, attended
the four-day soundscape ecology camp. All participants had previously participated in other
summer programs affiliated with this Audubon Center and were familiar with the campus. Two of
the participants had a strong prior interest in bird watching.
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3.2.3. Instructor
The lead author was the primary instructor, participant observer, and interviewer who
collected data for the camp. The author studied soundscape ecology at school and had three years’
experience in teaching within informal settings. Her experiences included designing soundscape
ecology curriculum for nature clubs or science camps and teaching the curriculum in different
informal settings. She used integrated STEM approaches for the curriculum design and was fully
involved in the formative and summative evaluations of the curriculum. Instruction/ curriculum.
The soundscape curriculum consisted of twelve lesson plans with topics and activities aligned with
the Next Generation Science Standard (NGSS), identified as Benchmarks for Science (Marx et al.,
2004). These “ears-on” exercises, called YELLs (Your Ecosystem Listening Labs), included a
teacher’s guide and a learner’s guide. The inquiry-based, technology-infused curriculum taught
concepts relating to STEM, though the main foci were science and technology. The soundscape
curriculum provided different types of experiences, including individual and group work, as well
as indoor and outdoor activities. At first, participants learned the basic physics of sound, how to
actively listen and identify different sources of sounds, and how to explore their immediate
environment through the lens of a soundscape. Then, participants learned about conducting
scientific research: how to compare and contrast the dynamics of soundscapes in different
ecosystems, how scientists record soundscapes and analyze them to answer scientific questions,
and how to answer their own research questions via collecting and analyzing acoustic data.
Learning about soundscape ecology through engagement with scientific practices and hands on
activities, supported participants to reach a higher level of learning, called the logical experience
(Piaget, 2013), when deep exploration of a topic is combined with meta-cognition and actiondriven experiences (Marx et al., 2004; Sawyer, 2005). Each activity was specifically designed to
teach a new aspect of soundscape ecology while connecting previous experiences and knowledge
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to a new concept. Overall, all activities guided students through the process of scientific research
emphasizing hands-on experiences and deep exploration by using facilitation and vocal prompts
(Appendix C).
3.2.4. Data Collection
To address the research question, we designed a multitude of instruments that we used to
collect data at different times of the soundscape camp (

Table 3-1, Fig. 4-H). A drawing activity and an open-ended questionnaire were designed
to measure the growth in participants‘ conceptual understanding through visual representation and
written words (Shepardson, Niyogi, Choi, & Charusombat, 2009). Both of these instruments were
applied on the first day of the soundscape camp before starting the curriculum implementation,
and directly after the camp ended (hereafter referred to as “pre-post drawing” and “pre-post
questionnaire”). The pre-post questionaire had six open-ended questions and was designed to
gauge the participants’ understanding of the different topics related to the soundscape ecology,
such as, “Why do animals make sounds?“A semi-structured interview was conducted with all
participants directly after the camp (hereafter referred to as “post-interview”) to measure the
situational interest of participants in the camp towards activities, the instructor, peer learners, and
the physical environment (Dohn, 2013). Participants were asked different questions to guage their
opinions, knowledge, and feelings toward soundscape ecology and the soundscape camp. For
example, one question was, “Why do you think scientists study sounds in nature?“ In addition, we
collected field observations during each day of the camp to capture moments when participants
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were engaged or expressed themselves toward an activity or an environemtnal stimulus (Angrosino,
2005).

Table 3-1 Different data collection techniques to measure conceptual understanding and interest
Instruments

Conceptual Understanding

Interest

Post-interview

×

×

Pre-post open-ended questionnaires

×

Pre-post drawing activity

×

Field observations

×

3.2.5. Data Analysis.
The data were transcribed and coded in NVIVO-11. The authors (MG and CL) conducted
inductive process and content analysis of participants’ responses. Through this interpretive
approach, the authors constructed meanings of participants’ responses to form emerging themes
(Patton, 2005). Emerging themes were developed from the data, rather than looking for predetermined patterns (Patton, 2002). After several readings of the transcribed data, core concepts
(codes) were extracted using the open coding method. These codes were further refined by
collapsing similar overlapping codes that merged into categories with the same emergent concepts
(Rubin & Rubin, 2011; Shepardson et al., 2009). After the completion of coding process,
participants’ ideas and categories were grouped into themes that reflected factors affecting
participants’ conceptual understanding and/or triggering their situational interest.
The content of the drawings was scored qualitatively, rather than as “correct” or “wrong.”
This evaluation method is supported by Shepardson et al. (2009), which states that “the students’
written words and drawings are conceptual visualizations or representations of their
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understandings that contain a number of individual concepts that are embodied with the meaning”
(p. 334). All of the drawings were coded according to the themes that emerged from the postinterview and pre-post questionnaire.
The analysis for conceptual understanding included data collected from the post-interview,
pre-post questionnaire, and pre-post drawing. First, we identified emerging themes by analyzing
the post-interview and pre-post questionnaire. Then, we compared the pre- and post-drawings to
check the progress in students’ conception of soundscape ecology. After that, we conducted a
content analysis on the post-interview and field observations to identify emerging themes that
reflected situational interest. The participants’ responses and quotes were presented alongside their
pseudonym and their current grade level (e.g., Jarrod who is in the 7th grade is denoted as “Jarrod
7th”).

3.3. Results
In what follows, we present the content analysis and descriptive statistics for two broad
categories: conceptual understanding and situational interest.
3.3.1. Conceptual Understanding: Post-interview and pre-post questionnaire
The authors identified 20 codes representing different concepts, which were then
classified into 12 categories through inductive content analysis of the responses to the postinterview and the pre-post questionnaire. Four primary descriptive themes emerged that reflected
participants’ conceptual understanding of soundscape ecology, including: 1) relating the quality
of the landscape to the sources of sounds, 2) gaining a more holistic view of soundscapes, 3)
understanding the human impact on the environment, and 4) recognizing how scientists conduct
research using technology (Table 3-2).

Table 3-2 Category matrix of conceptual understanding showing the relationship between each emerging theme and the corresponding
categories

Quality of Landscape to the
Sources of Sounds

Healthy landscapes have diverse soundscapes
consisting of different sources, in particular
biological sources.

1.
2.

8

3

11

4

8

3

11

4

Higher diversity causes
more complex soundscape
Linking landscape and
biodiversity

3

1

4

2

3

-

3

2

1.

Biodiversity patterns

5

2

7

5

2.

Climate

3

-

3

2

3.

Learning more about the
environment

3

-

3

1

1.

Anthrophony and Masking
biological sounds

13

-

13

4

2.

Changing the landscape
affect its corresponding
soundscape

3

2

5

4

3.
4.
Holistic View of Soundscapes

Soundscapes provide a more holistic view for
the listener to understand and link other
environmental subjects such as the biodiversity
and climate.

Human Impact on the
Environment

Birds
Other animals

# of participants

Categories

Total

Definition

Questionnaire

Conceptual Understanding
Themes

Interview

Frequency of Responses

Humans have a big role in changing the
soundscape.
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Table 3-2 continued
Scientists Using Technology

Scientists use technology to record soundscapes and
to understand the environment.

1.

Observation through
listening

6

2

8

5

2.

Scientists use technology

7

-

7

4

3.

Scientists are objective

1

-

1

1
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The following section defines the four emerging conceptual understanding themes with
their corresponding categories followed by an example for each category:
Emerging Theme 1: Quality of landscape to the sources of sounds
The first emerging theme shows how participants could connect the health of a landscape
to the diversity within its soundscapes. The main emphasis was on the importance of natural sounds,
in particular birds, in participants’ response. The participants identified different factors that
shaped a soundscape and were able to relate ecosystems to their corresponding soundscapes.
The first emerging theme consists of four different categories: 1) considering birds’ call as the
main component of a soundscape, 2) identifying animals or biodiversity assessment as the main
reasons for soundscape studies, 3) identifying the diversity of the soundscape as an indicator for
environmental health, and 4) linking the spatial features of each landscape to corresponding
wildlife and diverse soundscapes. Presented here are examples from each of the four categories,
extracted from participants’ interviews:
1.

I really do care about the birds and [bird] balcony in the camp, and [by listening to the
soundscape recording] I can tell you what birds live here. And a lot of these [soundscapes]
in this area [are] helping conserve different bird species and [other] animal species.
(Mary 7th)

2.

[You can compare Arizona desert and Costa Rican forest] by listening to the recordings
and [comparing] their animals, you can tell they are actually a lot different!... in
[recordings from] Arizona, I think I heard a few hawks and just small song birds and a
lot of wind, whereas in [sound recordings from] Costa Rica you heard monkeys, frogs,
and insects, and variety of birds. All this biodiversity [in Costa Rica] is great! (Mary 7th)
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Having the soundscape allows you to figure out what species live here. You can like…
bring them back from… I don’t wanna say extinction, but endangerment. (Mary 7th)
3.

I don’t like the desert soundscape because it is kind of dead; it is all dry. [There] are not
a lot of animals that make noise. I mean they do, but it is not like…. cool noises—it is
probably just animal[s] communicating with each other. (Ben 6th)

4.

Probably, [studying soundscapes helps us] to figure out where the birds are. For instance,
here they would figure out [that there] might be more birds in [a] cascade than there are
in vernal pools. (Sam 6th)
The above examples represent the participants’ awareness of the different components of

a soundscape. They realized how their surrounding acoustic environment as well as other
ecosystems from around the world are composed of diverse sounds. The participants not only
emphasized the diversity of biophony, especially bird calls, but they also recognized natural
soundscapes as a health indicator for an ecosystem.
Emerging Theme 2: Holistic view of soundscapes and its application
The second emerging theme conveys how participants went beyond dissecting a
soundscape to its components and could connect different global or regional patterns to the
diversity and dynamics of the soundscapes. This theme includes three categories: 1) understanding
how soundscapes reflect biodiversity patterns, 2) recognizing how global processes such as climate
change affect the landscape and its corresponding soundscapes, and 3) learning how different
elements such as habitat structure or road construction within an ecosystem can affect the
soundscape. Here is an example of each category:
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1.

[In this campus], I listen to the soundscape and I can tell you what birds live here, [with
considering the soundscapes] we can conserve different bird species, animal species. So,
having the soundscape allows you to figure out what species live here. (Mary 7th)

2.

[we use soundscape recordings] I think [the soundscapes of different ecosystems are]
different because different animals live in different climates, and if the climate is different,
you are gonna attract different animals. (Ben 6th)to figure out habitat type and what
[kinds of] animals live there. If habitat changes because of change in climate, it affects
different stuff like animals, birds and the soundscapes. (Ben 6th)

3.

[Without soundscape recordings], you would not tell what affect[s] what. It would be
really bad. We would not be able to tell that something could be affected [by something]
like the road activity that we [considered]. We would not be able to tell that … near [a]
road there is less biodiversity—only like a few different birds—than far away from roads
where there was a bunch of birds—there [are] a bunch of animals there. So, [without
soundscapes] the ecosystem would just kind of fall apart. (Mary 7th)
These examples illustrate that students could recognize how soundscape diversity conveys

more information related to wildlife, habitat structure, as well as environmental events such as
climate change. They could relate changes in soundscape dynamics to factors affecting an
ecosystem and utilize soundscapes as indicators of environmental health.
Emerging Theme 3: Human impact on the environment
The third emerging theme shows how participants identified the impact of human activities
on the landscape and corresponding soundscapes. This emerging theme has two main categories:
1) understanding the disruptiveness of anthrophony and identifying the masking effect of
anthrophony on animal communication, and 2) recognizing how human activities are diminishing
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natural soundscapes and the implications of losing natural soundscapes. Here we present one
example per category:
1.

[Anthrophony] distracts nature because if you wanted to hear nature—the sound of birds
or animals that live […] in nature—you can’t hear them very well if they are low or high
or [at] the same [time as] a car going past […] or any truck that is very loud. It is
distracting to the animals. (Emma 5th)

2.

I think that [in near future, anthrophony] will interrupt and replace some of the [natural]
stuff. As like the future comes, there is gonna be a lot of stuff, maybe the cascade here
would be a road or something. I think that in like a hundred or so years, or maybe even
more, there are not gonna be as many—as peaceful—places to go and listen to the sound
of nature. (Ben 6th)
These two examples demonstrate critical thinking skills; participants understood the effect

of anthrophony and its negative impacts on animal communication and connected the STEM topic
to the environment around them.
Emerging Theme 4: Scientists using technology
The focus of the fourth emerging theme demonstrates the role of soundscape ecologists
and how they use technology to record soundscapes to answer scientific questions. This emerging
theme had three categories: 1) recognizing listening as an observation technique that helps
scientists, 2) understanding how and why soundscape ecologists use technologies in the field to
record the soundscapes, and 3) identifying the benefits of soundscape data in comparison to
traditional field methods. Here are some examples of each category:
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1.

I figure[d] out that […] if you listen to the birds, you [can] figure out even more about
them. Sometimes, […] when you are in the woods, you may not be able to see the birds up
in the trees, but you can hear them! (Mary 7th)

2.

I liked the sound-box (“sound-box” refers to a Wildlife Acoustics Song Meter SM2+ audio
recorder) hanging up on the trees the most, because we got to experience what we hear in
that certain area. Like we did [at] the Cascade, which is the waterfall in the camp, […]
we put the sound-box near that, and we got to hear birds, and we got to hear the peaceful
water flowing down the waterfall. And I think that is really cool. (Ben 6th)

3.

[When you use the Song Meter], you can hear sounds of nature instead of standing there
and [not] hearing them because you scared the birds and animals. [Scientists] need to use
[Song Meters …] instead of standing there and scaring the animals away. (Emma 5th)
These quotes demonstrate an understanding of what scientists – in particular soundscape

ecologists – do in the field and how soundscape ecology differs from other ecological sciences due
to its characteristic technology and data collection methods.
3.3.2. Conceptual Understanding: Pre-post drawing activity
After the emerging themes were identified from the post-interview and pre-post
questionnaire, the authors conducted a content analysis on the pre-post drawings to understand
changes in the participants’ conceptual understanding of soundscape ecology and their acoustic
environment. In the drawing activity, participants were asked to draw their favorite place and add
the corresponding sounds through drawing or writing. Most participants drew the same
landscape in both pre- and post-drawings. However, they expressed themselves differently in the
post-drawing and became more descriptive by including sound-related words that corresponded
to the landscape. They also shifted their focus from the visual landscape to portraying the
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soundscape, including diverse sounds from natural and human sources. For example, Figure 3-2
demonstrates a participant’s growth in conceptual understanding of soundscape ecology. This
participant included diverse sounds that exist in an ocean ecosystem and classified them into
different sound source categories. Figure 3-3 on the other hand shows the shift in a participant’s
perspective on how to depict the spatial diversity of sounds. She changed her perspective of the
bird balcony in the campsite from her pre- and post-drawing by bringing the building out of
focus in the post-drawing and including all sound sources that exist at different directions from
the building. For example, the northern side of the building is close to a river and she added the
sound of frogs and kingfishers while the eastern side is a meadow full of crickets, butterflies, and
birds. She also included herself in the drawing as a soundscape ecologist, which showed her
observation and awareness of the surrounding acoustic environment.

Figure 3-2 Participant’s drawing of the ocean and its corresponding
soundscape in pre- (left) and post-drawing (right). The post-drawing
includes different sources of sounds including all the categories of
soundscapes. (Jarrod 6th).

60

Figure 3-3 One participant’s pre-post drawings of the main building with a bird
balcony located in the campsite and its corresponding soundscapes. The postdrawing on the right shows the different sources of sounds and the spatial
diversity of the soundscape. The participant drew herself in the picture as a
soundscape ecologist. (Mary 7th)
3.3.2.1. Situational interest: Post-interview and field observations
The authors identified 32 codes representing three dimensions of affect, knowledge, and
value within situational interest, which were then classified into 14 categories through inductive
content analysis of the responses to the post-interview and field observations. Five primary
descriptive themes emerged that reflected participants’ situational interest of soundscape
ecology, including: 1) knowledge acquisition, 2) hands-on activity, 3) nature and diversity of
sound, 4) outdoor exploration and fieldwork, and 5) personal connection (Table 3-3).

Table 3-3 Different sources of situational interest

1.
2.
3.

Hands-on activity

Nature and diversity of sounds

Outdoor exploration and
collaborative fieldwork

Working with different
tools and objects

Diverse sources of sounds exists in each
ecosystem

Visiting different sites to listen and collect
soundscapes

Using science in assessing the quality
of an ecosystem
Identifying animal species through
animal communication
Interaction between human activity
and natural patterns

#of participants

Using soundscapes to understand nature and
for research purposes is fun and interesting

Category

Total

Knowledge acquisition

Definition

Field Observations

Situational Interest Themes

Post-Interview

Frequency of Responses

7

3

10

5

5

2

7

3

5

2

7

4

1.

Fun and surprising

4

3

7

4

2.

Creative

5

2

7

2

3.

Feel like a scientist

4

2

6

4

1.

Listening to diverse sounds

5

3

8

4

2.

Animal communication

9

2

11

5

1.

Interactive and fun

3

2

5

3

2.

Soundscape research

3

2

5

5

3.

Teamwork

2

3

5

4

4.

Diverse ecosystems

1

1

2

2
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Table 3-3 continued
Personal Connection

Connecting
experience

soundscapes

to

previous

1.

Family time

3

0

4

2

2.

Favorite place or subject

0

1

1

1
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Emerging Theme 1: Knowledge acquisition
This theme presents participants’ interest in learning about the theory and application of
soundscape ecology. In particular, using soundscape recordings and learning how to read
spectrograms, a visual representation of an audio recording that can be read like a musical score,
to understand environmental disturbance and human activities raised understanding of the topic
and triggered situational interest of the participants.
Learning the impact of anthrophony was new for me and very fun… [Anthrophony] is
for human communication. But other than that, it would show [what] we did with
environment. [For example, when we compared the soundscapes] near the road and
away from the road, there were not as many animals near the road, and so, those are
all [the impact of] anthrophony noises. (Sam 6th)
This example shows how learning a new concept or applying current knowledge
triggers situational interest.
Emerging Theme 2: Hands-on activity
In the soundscape camp, participants were engaged with different techniques to document
what they observed in the field. This theme represents participants’ engagement in different handson and interactive activities. For example, constructing sound maps of different locations in the
camp, using the acoustic recording devices to record the soundscapes for the sound scavenger hunt
activity, and programing and deploying the Song Meter, which is a passive acoustic recorder that
is commonly used in the field, were among the most popular hands-on activities that motivated
participants to engage with the topic in real-world context.
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I liked when [our team] was using Audacity [software] because we could get really creative
there, and you know, there was that one time that we made our own soundscape, and I
thought that was really fun. (Sam 6th)
This theme exemplifies how engagement with authentic technology and doing science like
a real scientist can be fun and creative.
Emerging Theme 3: Nature and diversity of sounds
This theme focuses on participants’ awareness of the presence of diverse soundscapes at
different ecosystems all over the world and how they change over different temporal and spatial
scales. They listened to a variety of terrestrial and underwater sounds and soundscapes recorded
by soundscape ecologists. For example, in an activity called Sound Bingo, they listened to diverse
sounds and guessed the sources of each sound. Natural sounds such as lava flowing or the
unexpected sound of a barking gecko from Borneo rainforest fascinated the participants. They
requested to listen to the unexpected sounds over and over.
My favorite soundscape has to be the Alaskan soundscape, cuz [because] it is so cool. All
those polar bears […]; some birds are flying northern around the earth. I think this is
really cool and everything blends in together because everything is white and icy. I just
think it is really cool. (Ben 6th)
This theme and the example presented above show how participants engaged with activities
that contained surprising and/or novel elements about diverse soundscapes in different ecosystems
around the world.
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Emerging Theme 4: Outdoor exploration and collaborative fieldwork
This theme centers on the participants’ experience exploring the “real-world context” of
the camp’s natural environment and conducting fieldwork in teams to collect soundscape data.
Their exposure to the diverse soundscapes in their immediate environment stimulated situational
interest, especially the dimension of affect. Moreover, the fieldwork helped participants to interact
with the real-world context and engage them with their peers in exploring both landscape and the
corresponding soundscape. All participants found outdoor exploration exciting and fun.
I definitely liked [conducting scientific research] the most [because] I got to have fun with
my partner, and we were also hiking all around the place and talking about our project.
[…] That was the project that actually made me feel most like a scientist because you have
a research project, you have a hypothesis, and you have the materials and stuff. (Sam 6th)
This fourth theme illustrates how the collaborative nature of exploring the outdoor
environment provided interactive and common experiences such as listening and recording
soundscapes for team members.
Emerging Theme 5: Personal connection
The focus of this theme is on participants’ self-identification with soundscapes through
expressing their personal experiences. Visiting diverse sites and being exposed to diverse
soundscapes helped participants to connect their prior experiences in nature with the soundscapes.
Examples of this personal connection include memories of family vacations or camping trips that
indicate the role of sound and soundscapes on one’s sense of place.
[My favorite] soundscape [is] where there is a deer and birds. It reminds me of my family
cuz [because] during the summer when I wake up at my dad’s house I always hear birds,
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and at my dad’s house [], we have a bird nesting in there. So, whenever I am outside at my
dad’s, I get to see birds flying of the canopy. (Ben 6th)
The emphasis of this theme is on the affective dimension of interest, which is strengthened by
relating the curriculum material and the camp experience to prior personal experience.

3.4. Discussion
In the current study, we investigated how a four-day soundscape summer camp supports
the development of conceptual understanding and situational interest in STEM related subjects in
middle school age youth. Evidence was collected from a post-interview, pre-post questionnaire,
pre-post drawing activity, and field observations. The content analysis and descriptive statistics
of the data suggested that the combination of STEM content and applying specific pedagogical
techniques had a positive cognitive and affective impact on participants’ experience in the
soundscape camp as an informal learning environment.
Consistent with previous studies on the cognitive and affective development in an
informal learning environment ( Anderson, Reder, & Simon, 1996; DeWitt & Storksdieck, 2008;
Dohn, 2011, 2013; Falk et al., 2016), our findings highlighted three overarching factors that may
contribute to the participants’ learning experiences, including 1) direct experience with nature
( Fig. 4-J, Dewey, 2007), 2) access to authentic technology ( Fig. 4-K, Dohn, 2011; D. Palmer,
2004; Roesch, Nerb, & Riess, 2015; Schwartz, 2011b) and 3) activities that promote
collaborative teamwork ( Fig. 4-L, O'Donnell, 2006). These three overarching factors helped
students to become more aware of the sounds around them, identify themselves with ecologists,
and understand the importance of the different stages of scientific research. We argue that by
examining our multi-day, outdoor summer camp program through our informal learning
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conceptual framework and using our pre- and post-camp data collection methodology, helped us
conclude these three components are necessary for a summer camp environmental curriculum
that align with STEM educational standards (Figure 3-4). We explicitly explain each component
as follows.

Figure 3-4 Schematic framework of the current study showing the connection between the
framework of conceptual understanding and situational interest and qualitative techniques for
data collection and analysis to find the main components of designing a successful
environmental STEM education camp
1. Direct Experience with Nature
Meaningful experiences with nature throughout the soundscape camp and interaction
with the STEM topic in a real-world context promoted participants’ understanding of the
complex topic of soundscape ecology and fostered their interest in the context of science inquiry
in ecology. For participants to have a deep conceptual understanding of what soundscape
ecology is, they needed a) an integrated understanding that a soundscape is comprised of
biophony, geophony, and anthrophony (macroscopic level of learning), and b) a more advanced
understanding of the temporal and spatial diversity of sounds that together create unique
soundscape patterns, as well as the methods to measure the soundscapes dynamics (microscopic
level of learning) (Johnstone, 1991).
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Our findings show that participants were able to expand their conceptual understanding
by shifting their focus from just birds as the main sources of biological sound to also include
other natural sounds. This type of observation also deepened participants’ understanding of how
landscapes connect to soundscape diversity and dynamics. Although direct experience with
nature stimulates all five senses (Anderson et al., 2006; Chawla 2009), YELLs’ ‘ears-on’
activities specifically required participants to use their sense of hearing in novel and investigative
ways. They became more analytical in order to describe the environmental differences through
the corresponding soundscapes. As the engagement with and understanding of nature increased
with listening, participants gained better understanding of the importance that sounds plays in
ecological systems. These findings suggested that participants became more aware of their
surrounding acoustic environment and gained a holistic view of environmental dynamics by
understanding the interconnected system and connecting ecological concepts to the real-world
context. Therefore, exploration of the outdoor environment promoted immersion in the diverse
soundscapes within different ecosystems, and observation of the surrounding landscape through
the lens of soundscape ecology. It helped participants to understand the main factors that cause
and affect the quality of soundscapes such as habitat structure and human activities within each
ecosystem. Gaining this perspective through direct interaction with nature was essential for
critical thinking and meta-cognition. In addition to this cognitive shift, the findings also reflected
the affective development in participants’ engagement with STEM.
Similar to other studies (Anderson et al., 1996; Bamberger & Tal 2007; DeWitt &
Storksdieck 2008; Dohn 2011, 2013; Hodson 1993; Hofstein & Lunetta 2004; Roesch et al.,
2015), our study suggested that interacting with STEM topics in a real-world context creates an
authentic experience that is an influential factor in supporting participants’ situational interest
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that may further contribute to their interest development. All participants found the outdoor
exploration and visiting diverse ecosystems in the camp as fun, exciting, and engaging. For
instance, they were excited to develop their own research questions such as “How is the
soundscape diversity different in sites close to the river vs. the sites far from the river in the
forest ecosystem?” Their excitement of developing their own research increased when
participants got to visit different ecosystems to choose their study sites, and had access to tools
and techniques to collect, analyze, and interpret the sounds recordings. Participants insisted on
visiting several sites prior to choosing the final research sites and used journaling and sound
tallying in addition to recording soundscapes to have more accurate findings. This active
participation showed their engagement in scientific outdoor exploration and how they put their
gained knowledge into practice. The soundscape project provided them the opportunity of selfdirected inquiry in addition to outdoor exploration that promoted active listening and exposure to
diverse habitats. Participants expressed “active listening” as fun and challenging because it
triggered the feeling of concentration and focused attention on exploring the outdoor
environment.
The engagement with the natural environment while conducting the research project
component of the camp increased participants’ sense of autonomy because they had freedom to
choose the research site. As Chawla (2009) noted that “[outdoor environments], places that are
usually beyond adults’ direct control, natural areas allow children to use their “outside bodies” as
well as their “outside voices,” with all the pleasure that this free autonomous movement
involves” (p. 15). Overall, combining the outdoor exploration with science inquiry was a main
contributor toward the situational interest that triggered arousal, concentration, and autonomy.
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2. Access to Authentic Technology
The soundscape camp not only immersed participants in the environment with diverse
soundscapes, but also provided a space for them to use authentic technologies that soundscape
ecologists use to record and analyze sounds. This category was the most common theme that
promoted active learning and stimulated novelty. DiSessa (2001) describes that teaching with
technology has advantages, because “[t]ools are badges of membership, symbols of commitment
and accomplishment” (p.39). Exposure to real technology inspired the participants to delve into
the culture and practices of professional scientists, thus connecting them to the community of
practice (Archer et al., 2010; Wenger, 1998). This outcome is aligned with the sixth strand of
informal science learning that was proposed by the National Research Council (2010), that
learners “[t]hink about themselves as science learners and develop an identity as someone who
knows about, uses, and sometimes contributes to science” (p. 30).
According to our findings, participants learned what tools and technologies are being
used by soundscape ecologists and what their application is to conduct science inquiry. The
hands-on activities for the collection and analysis of recordings offered the opportunity to
acquire a new skillset. Participants also expanded their attention from programming the Song
Meter to collecting the sound data daily at different locations in order to conduct their own
research (Appendix D). Every afternoon of the soundscape camp, all participants voluntarily
started a group discussion to choose a new location for the Song Meter installation and shared
their personal perspective, using scientific argumentation to justify the appropriate location. The
competition of choosing a correct location morphed into a collaboration to select the site based
on curiosity and scientific reasoning. Their curiosity in finding unknown ecological events such
as the presence of a species in a certain habitat or recording an unexpected overnight chorus on
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the campus inspired them to combine their personal experiences with the knowledge of
soundscape ecology to choose a location for Song Meter installation. Every morning started with
a voluntary field trip that everyone participated in, to collect the Song Meter and check the
recordings to see if the recorded soundscapes corresponded to the initial hypothesis. Their
engagement in using the technology and their attempts in thinking like a soundscape ecologist
showed that using authentic technology encouraged the participants to feel connected to the
community of practice as they conducted real soundscape research and therefore, could identify
themselves with soundscape ecologists (Lave & Wenger, 1991; Palmer et al., 2016). In this
study, mastering a tool, such as programming the Song Meter brought a sense of ownership,
expertise, and a feeling of belonging to the participants (Fields, 2009).
Many studies suggested that the culture of doing science through hands-on activities and
engagement with an object may be the source of developing interest (Fields, 2009; Holstermann,
Grube, & Bögeholz, 2010; Middleton, 1995; Mitchell, 1993; Palmer, 2009), and create a sense of
authenticity (Swarat, Ortony, & Revelle, 2012). Azevedo (2011) referred to this type of high
level engagement with technology as “line of practice.” The “line of practice” theory suggests
that the act of manipulating technology invokes interest as participants show perseverance and
extended involvement with the topic. In this soundscape camp in particular, participants were
fully engaged when using the Song Meter and it enhanced their curiosity toward the process of
scientific inquiry and soundscape ecology. For instance, when students connected their
headphones to the Song Meter for the first time and listened to the surrounding soundscapes
captured by the microphones, every participant expressed “surprise” and “excitement.” As a
result, the camp’s daily routine was modified to accommodate the participants’ desire to work
with the Song Meter every day and participants were in charge of programing and deployment of
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the Song Meter. However, our study also revealed how students lost interest during some handson activities. For example, some participants were overwhelmed when it took a long time to
upload recordings from the SD cards into Audacity, an audio visualization and editing software,
or when they did not hear what they expected in their sound recordings. In another similar case,
the lack of understanding about the purpose of using the sound visualization software caused
confusion. Participants also were disengaged in activities with heavy reading or long instructions
in the learner’s guide whereas they were engaged in guided narrated instructions by instructor.
Such experiences changed engagement and feeling of excitement in the participants to
disengagement and frustration. These examples suggest that authentic hands-on activities
without a meaningful theme had a negative influence on participants’ interest (Dohn, 2013) and
thus, their conceptual understanding (Posner, Strike, Hewson, & Gertzog, 1982). As engagement
with a novel technology can change to disengagement if a participant could not connect the new
topic with prior knowledge and experience or felt overwhelmed by the complexity of the process
of teaching (Holstermann et al., 2010; Mitchell, 1993). Therefore, it is important to identify
factors that lead to engagement and find ways to mediate those factors that lead to
disengagement.
3. Activities promoting collaborative teamwork
Collaborative teamwork and social interaction between participants positively affected the
conceptual understanding and situational interest in the soundscape camp. In our study, this
category reflected how encouraging students to work collaboratively on different soundscape
projects and share personal perspectives support an individual’s “innate psychological needs.” It
showed students who engaged in interpersonal communication and collaboration were
intrinsically motivated to learn a new topic (Dohn 2013, p. 2745). Active participation and the
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combination of hands-on activities with peer collaboration promotes participants’ “timely joint
attention” (Barron 2006, p. 348).
Our results showed that collaborative work acts as a mechanism for advancing
participants’ understanding about a topic, such as soundscape ecology. The instructor supported
student collaboration by using a learner-centered approach whereby participants were prompted
with previously learned topics and their prior knowledge when struggling with a new concept.
Learners were encouraged to take the initiatives to discuss different ideas and possibilities in
working on various soundscape projects. Palmer (2009) suggested that one of the main reasons
that inquiry based hands-on activity motivates interest is because of “social involvement, through
communication and collaboration” (p. 160). In the soundscape camp, participants connected their
improved individual knowledge base and skillsets acquired during the first two days with the
complex topic of soundscape research and analysis in the last two days using peer collaboration.
They collaborated during the process of conducting research, such as posing research questions,
designing the experiment, collecting data, and drawing inferences from data. Scott et al., (2007)
argued, conceptual understanding is not a “purely cognitive processes in the individual” but also
relates to ‘‘individuals as they function in social contexts’’ (p. 34). Therefore, we found that
facilitated peer collaboration was an ideal social interaction method for implementing
soundscape camp and motivate participants to conduct research and analysis.
The peer collaboration also stimulated situational interest through the positive experience
of collaboration and engagement in the process of science inquiry. Moreover, this component
encouraged participants to work in small groups, sometimes with a competitive goal. For
example, the group that made the most comprehensive sound map could select the location of the
next Song Meter deployment as a reward. Interestingly, while some studies showed a negative
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impact of competition on learning (Ames, 1981; Barron, 2006), our study shows that the
competition between groups to finish a task encouraged participants to use their collective
knowledge to work on their projects. Overall, related research demonstrates that there is a
positive impact of socialization and peer collaboration on both students’ learning and interest and
this is in agreement with our findings (Dohn, 2011, 2013; Falk et al., 2016; Knapp & Barrie,
2001; O'Donnell, 2006; Shepardson, 1999).
3.4.1. Implications for designing an environmental science camp
Our study and the personal experience of the first author in curriculum design also
indicated several important factors to better design outdoor camp activities, implement them in
informal learning settings, and engage participants in STEM. Activities with lots of reading or
complex instructions should be narrated and guided by repeatedly defining the purpose of the
activity and connect it to participants’ previous knowledge and experience. Repetition of
complex contents and using different educational modes to transfer the same ideas is vital to
reinforce different aspects of a complex and interdisciplinary topic and include different learning
styles. In order to take a learner-centered approach, it is critical to provide instructions that
include prompts in order to facilitate verbal interaction amongst participants. Providing an
outdoor space to have physical interaction with the immediate environment helps participants
engage in the process of scientific research, specifically regarding ecological topics in a realworld context. Creating a collaborative environment for peer interactions helps participants to
co-define the activity and co-create the process and help each other master target skills. It also
improves their self-esteem and self-identity.
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3.4.2. Limitations
There were some limitations to this study. First, as many qualitative research studies, the
generalizability of the results of this qualitative study may be limited due to the small sample
size. Social scientists are caught increasingly in the tension between the number of participants
and the depth of the data collection. In this study, despite the small sample size, we used
different data collection techniques and took thorough field notes as an attempt to triangulate and
compensate for the small sample size by collecting more in-depth data. However, while the fourday study gave a more in-depth perspective than a 1-time visit to an informal environment or 1day intervention, the results indicated in this study may still not be able to represent the general
population of youth. Specifically, all of the participants had similar demographic backgrounds,
so the results may not be able to be applied to youth from other social or cultural backgrounds.
Future research should utilize findings of this study to design studies for a more diverse audience
to expand our understanding of the impact of the soundscape camp on youths’ science learning.
The ability of the first author (MG) to interpret the effectiveness of the soundscape camp could
be biased by the fact that she designed the soundscape curriculum and instructed the soundscape
camp herself. In addition, even though the 4-day camp compared to other one-time event studies
provides relatively longer engagement period, understanding the long-term impact of this kind of
learning experience remains unclear. For example, as interest may take months or even years to
develop, a longitudinal or cross-section study will be needed to further explore the effect of camp
experiences, and how that experiences can be related with other related practices of
environmental science over time. However, despite the limitations, our major finding aligns with
previous studies and provides a concrete example of learning an interdisciplinary STEM subject
in an informal setting.
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3.5. Conclusions
The purpose of this study was to investigate the factors that may contribute to the
development of conceptual understanding and trigger situational interest in middle school youth
in an informal learning environment. The study has provided evidence that factors such as 1)
direct experience with nature, 2) access to authentic technology, and 3) activities promoting
collaborative teamwork provide rich, substantial learning experiences for cognitive and affective
development. By understanding factors and designing activities using resources that encourage
collaboration, outdoor exploration, and hands-on activities, participants not only developed their
understanding of a topic but also fully engaged in the process of learning and develop interest.
The results also indicated that it is critical for curriculum designers and instructors to consider
these components in the process of design and implementation of an outdoor science camp. As
these components promote learners to be fully engaged with the topic and positively influence
their interest and learning motivation, our findings suggest that future research should be
conducted over the long-term to track how participants’ conceptual understanding changes and
how their situational interest evolves to individual interest over time. In other words, to have
youth who are motivated to gain knowledge of a topic and assign value to it, we need to design
programs that engage them for the long-term, promote building meaningful connection with the
topic, and tap into their individual interest. This approach may be particularly useful in the
context of environmental education in connecting youths with nature and outdoor space through
the lens of STEM education. As we are at a critical time to educate youth to not only understand
different environmental topics and value them, but also become curious to raise questions about
these topics, and motivated to think critically to identify problems and actively seek for solutions
and feel empowered to take an action.
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3.7. Appendix

Figure A. *** (Top)
***(Bottom)

Table A. List of daily activities and objectives.
Day

1

Activity
Name
Activity 1:
Sound
Production

1

Activity 2: Be
a Molecule

1

Activity 3:
Using Tools
to Listen

1

Activity 4:
Animal Echo

1

Activity 5:
Find Your
Pair

2

2, 3 & 4

Activity 6:
Audio Bingo

Activity 7:
Sound Walk

Learning Objectives
1) define sound, frequency, and amplitude
2) explain different terminology related to physics of sound
3) describe how different frequencies of sound can be produced.
1) describe how sound propagates through groups of molecules
2) explain why sound requires a medium to propagate
3) discuss why the speed of sound is different in different states of
matter.
1) compare how different ear shapes can affect hearing,
2) compare how different ear materials can affect hearing
3) understand how and why different animals hear differently
1) realize that different animals produce a diversity of sounds
2) classify different methods that animals use to produce sound
3) discover methods to replicate animal sounds.
1) learn how to identify species through listening
2) describe how noise can impair animal communication
3) hypothesize why animals produce sounds at different times,
frequencies, and amplitudes
1) identify different sounds
2) learn the difference between “sound” and “soundscape”
3) categorize sounds by their source (biophony, geophony, and
anthrophony)
4) recognize the diversity of sounds in their surroundings.
1) identify different sources of sounds in their surroundings
2) compare and contrast the diverse sounds at different locations
3) categorize sounds in soundscapes by their sources (biophony,
geophony, and anthrophony)
4) increase awareness of their acoustic surroundings

Individual
or
Team
Team

Indoor
or
Outdoor
Outdoors or
indoors

Team

Outdoors and
indoors

Team

Outdoors and
indoors

Team

Indoors
s

Team

Outdoors or
indoors

Team

Outdoors

Individual

Outdoors
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2, 3 & 4

Activity 8:
Sound Map

3

Activity 9:
Sound
Scavenger
Hunt

3&4

Activity 10:
Audio
Visualization

3

Activity 11:
Travel for
Soundscape
Studies

2, 3 & 4

Activity 12:
Be a Scientist,
a Real
Soundscaper

1) identify and locate the primary sources of sound in an environment Individual
2) characterize diverse sounds through representative drawings
and team
and/or materials
3) describe the relative prominence of various sounds within their
soundscape context
1) learn how to use a recording device
Individuals
2) assess the quality of field recordings
or
3) learn the necessary techniques to make high-quality field
Pairs of
recordings
students
4) appreciate the difficulty of making high-quality field recordings
5) express their personal responses to sounds in their environments
1) define sound visualization
Team
2) learn to use Audacity to visualize and manipulate audio files
3) learn to analyze and interpret oscillograms and spectrograms
4) explore artistic uses of sound and soundscape recordings by
creating a soundscape composition
1) define biomes and the features that distinguish them
Team
2) identify the locations of different biomes
3) explain the relationship between biomes and their soundscapes
4) understand the process of data collection in different biomes
1) get to know what tools soundscape ecologists use to collect data,
Team
2) learn how to deploy an automatic acoustic recorder in the field
3) develop a testable soundscape research question
4) design an experiment to answer their research question
5) predict an answer to the research question and develop a
hypothesis explaining that prediction
6) apply soundscape recording knowledge to collect data
7) interpret soundscape data to answer the research question
8) design a poster and present research results

Outdoors

Outdoors

Indoors

Outdoors and
indoors

Outdoors and
indoors
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PROMOTING STEM INTEREST AND CONNECTIONS
TO NATURE THROUGH A SOUNDSCAPE ECOLOGY CAMP FOR
STUDENTS WITH VISUAL IMPAIRMENTS

Note: This chapter is derived in part from an article published in the Journal of Connected
Science Learning in 2018 available online: http://csl.nsta.org/2018/01/soundscape-ecologycamp/
4.1 Introduction
Education research since the 1980s has documented a lack of broad participation across
all STEM (science, technology, engineering, and mathematics) fields and a decline in STEM
interest, especially among differently abled youth who have been historically marginalized and
excluded from these fields (Falk et al. 2016; Fraser and Maguvhe 2008). Despite landmark
legislation such as the Individuals with Disabilities Education Act (IDEA), which was designed
to support students with disabilities and promote their access to quality education through
classroom accommodation, these students are still significantly underrepresented in higher
education (Moon et al. 2012). According to Moon et al. (2012), whereas individuals with
disabilities account for 13.7 percent of the school-aged population, they only represent 9 – 10
percent of students pursuing undergraduate STEM degrees and only 5 percent pursuing graduate
stem degrees (p. 10 – 11). The high reliance of nearly all STEM fields on visual communication
inhibits accessibility for youth with visual impairments (Moon et al. 2012). For example, the use
of visuals such as graphs and diagrams often play an important role in cognitive development
and engagement of students, which may exclude students with visual impairments and make
them feel inadequate and uncomfortable in such situations (Erwin et al. 2001; Jones et al. 2006;
Moon et al. 2012). Therefore, accommodating all STEM students according to their abilities
(e.g., using a multisensory approach including tactile models and audio cues for youth with
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visual impairments) is potentially a powerful way to reframe the concept of disability and engage
a broader audience to promote equitable access to all knowledge sources.
4.1.1. The Center for Global Soundscapes
At the Center for Global Soundscapes (CGS) at Purdue University, ecologists, engineers,
computer scientists, and musicians collaborate to study soundscape ecology. Soundscapes are
collections of sounds occurring in a given place over a given period of time, typically composed
of sounds from multiple sources. Soundscapes can be used to detect patterns and changes of
animal behavior, biodiversity, and habitat conditions, and they also impact animal
communication and behavior. CGS researchers examine topics such as daily soundscape
changes of a Magellanic penguin colony in Tierra del Fuego, Argentina (Figure 4-1& Figure 4-2)
and the importance of natural sounds to pastoral culture in Mongolia (Figure 4-3).
Additionally, the CGS is pioneering education and extension/outreach materials about
soundscape ecology to raise public awareness of the environment and animal communication by
encouraging people to “open their ears.” One recently released educational program is the
interactive, giant screen theater show called Global Soundscapes! A Mission to Record the Earth,
which showcases research by soundscape ecologists in the rainforests of Costa Rica, the coral
reefs of Hawaii, and the grasslands of Mongolia. Another initiative is a citizen science program
called Record the Earth, which allows people to record soundscapes on a mobile app and then
upload them to a global mapping and analysis website.
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Figure 4-1 Magellanic penguins in Tierra del Fuego, Argentina (photo by Dante
Francomano, CGS).

Figure 4-2 Song Meter SM4 installed in a colony of Magellanic penguins in
Tierra del Fuego (photo by Dante Francomano, CGS).
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Figure 4-3 Bryan Pijanowski recording herding just outside the Hustai National Park,
Mongolia (photo by Matthew Harris, CGS).

4.1.2. Soundscape Camp Overview
The focus of this paper is another CGS initiative called “Your Ecosystem Listening
Labs” (YELLs), an immersive outdoor soundscape curriculum that brings together resources
from CGS research and outreach programs. YELLs is an inquiry-based curriculum that engages
students in sound recording, ecological fieldwork, and data analysis. The curriculum targets
middle school-age students and high school students with visual impairments, which includes
students with partially limited vision as well as total blindness. YELLs was designed for a fiveday camp in an informal setting, but it can be adapted to different settings and time constraints.
The goals of the soundscape curriculum are to promote active listening, connect students to their
outdoor environments, and raise interest in STEM-related fields. Students with visual
impairments are uniquely skilled listeners (Hugdahl et al. 2004), making them particularly suited
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to perform the intense listening required by soundscape ecology. The camp thus introduces these
students to a STEM field that is highly suited to their natural abilities.
YELLs is designed to align with the Next Generation Science Standards (NGSS) to
promote development of basic knowledge and conceptual models about soundscape ecology
through the actual practice of methods employed within the discipline. The NGSS emphasize
integrating knowledge and concepts with practices and authentic technology, and they are crafted
for specific grade levels (NRC 2012). Each activity in YELLs was designed to address
dimensions of soundscape ecology framed by the NGSS (Table 4-1). The YELLS curriculum is
accessible for no cost at the CGS’s online learning portal. YELLs has also undergone
independent formative evaluation by teachers, curriculum designers, and students at the targeted
grade levels to assess and improve the content and pedagogical approaches of each activity.
During the five-day soundscape camp, students participate in as many as fifteen different
activities (see Appendix A in Resources). The first activities teach the physics of sound, explore
how and why animals produce sounds, and lead students to consider the interactions between
natural and human-made sounds. In “Find Your Pair,” for example, blindfolded students attempt
to use sound to locate a partner but must do so while being hindered by increasing levels of
natural and anthropogenic noise. In this activity, students learn how animals must evolve to
produce sounds that are not masked by other sounds in their natural environment, as well as how
human-made noise can impair acoustic animal communication. Later activities immerse students
in their immediate acoustic environment and introduce technologies employed by soundscape
ecologists. Activities such as “Sound Walk” and “Sound Map” allow students to have direct
interactions with nature, practice active listening, and visit different locations around the camp to
document diverse sounds. Students gain greater awareness of their acoustic surroundings through
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these activities. “Sound Scavenger Hunt” and “Soundscape Data Collection” teach audio
recording techniques and apply those techniques to the challenges of collecting field recordings
as scientific data. Students use a Zoom H2n handheld recorder and Wildlife Acoustics Song
Meter SM2 programmable field recorder, both of which are used by scientists in their research,
to provide an authentic scientific experience (Figure 4-4 and Figure 4-5). The combination of
scientific inquiry and fieldwork activities help to familiarize students with the concepts of
soundscape ecology and prepare them for the final activity, in which they develop and answer
their own soundscape-oriented research question by collecting and analyzing audio data and then
interpreting the results. The final activities involve students in fieldwork and scientific practices,
and they learn the essential steps of conducting scientific studies.

Figure 4-4 Students using a Zoom H2n to capture sounds around the Perkins
campus (photo by Maryam Ghadiri, CGS).
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Figure 4-5 Maryam Ghadiri teaches a student how to record high-quality sounds on a windy day
using a handheld recorder with a furry windscreen protecting the microphone (photo by David
Gordon, Perkins).

4.1.3. CGS Collaboration with Perkins School for the Blind
CGS researchers began collaborating in April 2014 with Perkins School for the Blind
(Perkins), a world leader in education for students with visual impairments since its founding in
1829. This collaboration is supported by funding from the National Science Foundation’s (NSF)
Advancing Informal STEM Learning program (NSF AISL #1323615). Broad educational goals
of this collaboration include:
● Teaching broadly across STEM using soundscape ecology;
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● Bridging formal and informal education and promoting STEM education through an
active-learning philosophy and inquiry-based learning experience;
● Connecting students to nature through soundscape immersion;
● Ensuring that STEM education resources are accessible for differently-abled students;
● Developing skilled listeners into ideal candidates for higher education and future careers
in soundscape ecology; and
● Enhancing problem solving skills through hands-on, inquiry-based activities using
authentic technology employed by soundscape ecologists.
Between 2014 and 2017, CGS researchers and Perkins staff and science teachers hosted
several five-day soundscape camps for Perkins students (ages 14 to 22) on the Perkins campus.
Activities were adapted according to the pace and the needs of the students, as some of the
students had other disabilities, such as limited motor skills, in addition to their visual
impairments.
4.1.4. Research Goals
In addition to the educational aims of this collaboration, we sought to understand how
students with visual impairments are impacted in the short term by an immersive introduction to
soundscape ecology in an informal learning context. We documented students’ attitudes toward
STEM and their surrounding environments before and after their five-day experiences with
YELLs. Research questions that we posed were:
● What are some effective mediation and adaptation strategies to teach soundscape ecology
to students with visual impairments?
● How does teaching a STEM-oriented topic through inquiry-based, hands-on fieldwork
activities affect conceptions of and interest in STEM fields for students with visual
impairments?
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● How does a STEM-oriented topic that is highly dependent on acoustics and hearing
impact attitudes toward nature and surrounding environments for students with visual
impairments?
We used a qualitative research approach and collected data through individual, semistructured pre and post interviews and field notes from a soundscape camp in the summer of
2016. Maryam Ghadiri, lead author of YELLs and soundscape camp instructor, conducted
interviews with twelve students and two science teachers (all of the 2016 participants) and
recorded audio of the conversations. The pre/post interviews provided a holistic view of the
knowledge, opinions, and sentiments of the participants about STEM and the outdoors. Students
were asked questions such as, “How do you define a scientist? Would you like to be a scientist?
If so, why?” or, “Why do you think scientists study soundscapes in nature?” After transcribing
the data, Maryam Ghadiri used open-coding to extract emerging themes and patterns from the
collected data (Thomas 2006). Research was approved prior to data collection by the Purdue
University Institutional Review Board (IRB protocol # 1505016082).

4.2. Effective Teaching Strategies for Students with Visual Impairments
To develop a stronger soundscape education experience, we examined the accessibility of
the soundscape camp curriculum for students with visual impairments. Based on our field notes
and interviews with Perkins teachers, we found that the curriculum was most accessible when we
considered the background knowledge, learning pace, and physical mobility of the current
students. Strategies for instruction included connecting prior knowledge and experience to new
topics, using reinforcement techniques, using instruments and technology that promote
accessibility and learning, and providing real-world context that used the local environment to
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connect students with the subject matter. The following techniques were captured in Maryam
Ghadiri’s field notes and in interviews with science teachers at Perkins:
● Create tactile images (Figure 4-6) or diagrams using technologies like 3D or thermal
printing, as studies show that “visionless visualization” can be developed in students with
visual impairments through the application of tactile models as a substitute for visual
figures (Figure 4-4 to Figure 4-7 and ; Wu, Krajcik, and Soloway 2001; Moon et al.
2012). In tactile activities such as sound map production, avoid using sharp objects.
● Break up complex activities, such as designing and conducting a research project into
small sections, to make them more accessible.
● Connect each section to students’ prior experiences and past activities by collaborating
with teachers who regularly work with the students.
● Judiciously provide support. Pairing low-vision and blind students, especially for handson activities, allows low-vision students to provide peer assistance to blind students when
necessary. Assistants can also facilitate activities and support fieldwork, but keep in mind
that students should be as fully engaged as possible with any task. Overreliance on
assistants may devalue the experience for the students and undermine the goal of
inclusivity within the STEM disciplines (Moon et al. 2012).
● Consider the location, accessibility, and diversity of sites for outdoor activities, and spend
enough time at each site for students to become acquainted with their surroundings. In
outdoor environments with changing topography or ground cover (e.g., moving from
pavement to grass or onto steeper terrain), inform students in advance to prepare them for
the different environment. Avoid places with dense foliage at students’ head level to
prevent unexpected branch impacts. Obtaining input from people who work with the
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students prior to outdoor activities can help in identifying locations that are known and
accessible to students. While moving between sites during outdoor activities, avoid
talking to students who are walking independently with canes, as they are listening to
navigate their surroundings and talking may distract them.
● Allow students to select study sites, as it gives them autonomy.
Teach students to program and use recording technology independently, and provide
relevant apps such as Record the Earth that can be used for future, independent sound
collection (Figure 4-9).

Figure 4-6 Students make a sound map using Picture Maker by placing differently shaped icons
(representing different sound sources) on a Velcro surface (photo by Maryam Ghadiri, CGS).
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Figure 4-7 Tactile waveform of the sound from a black-capped chickadee
printed using a thermal printer and swell paper (top) and waveform
printed with a standard 2-D color printer (bottom; photo by Maryam
Ghadiri, CGS).
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Figure 4-8 Students investigate a tactile spectrogram, which indicates frequency
and amplitude of sounds over time (photo by Maryam Ghadiri, CGS).
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Figure 4-9 Students listen and record soundscapes at different locations on campus
using an iPad and the Record the Earth app (photo by Maryam Ghadiri, CGS).
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4.3. Program Outcomes
The empirical findings of our assessment showed that the soundscape camp contributed
to students’ cognitive and affective development. Cognitive development refers to participants’
acquisition of knowledge and development of abstract thinking; affective development pertains
to emotional reactions to the learning experience, as related to feelings, motivation, values, and
appreciation. In regard to cognitive learning, students demonstrated heightened ecological and
scientific knowledge and applied understanding of scientific practices. Meanwhile, the affective
learning experience impacted students’ appreciation for nature, motivation towards active
listening, and interest in STEM- and sound-related careers.
4.3.1. Cognitive Development
Students learned to critically analyze their surrounding environments by determining the
sources of all sounds within the soundscapes they heard. Following techniques used by
soundscape ecologists, they classified those sounds as “biophony” (sounds produced by nonhuman animals), “geophony” (sounds produced by geophysical processes), or “anthrophony”
(sounds produced by humans and human-made objects) (Pijanowski et al. 2011). This type of
analysis is key to evaluating how soundscapes serve as both indicators and drivers of ecological
patterns and processes. To develop an understanding of this interplay, students learned about the
impact of noise on animal communication and biodiversity. One student reflected: “Anthrophony
can affect biophony because the animals have to be louder to adapt. Because […] there is
nothing [animals] can do about it, they're gonna have to eventually cope with it, which is going
to be very hard.” This statement demonstrates this student’s newfound knowledge of sound
classification terminology (i.e. “anthrophony” and “biophony”), ecological adaptation, and the
costs of such adaptation, showing their ability to integrate basic ecological knowledge to
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understand complex ecological phenomena. The student was able to explain how environmental
conditions can force an organism to adapt, and he or she accurately concluded that such
adaptation would be difficult and costly for the organism.
A science teacher from Perkins who was involved in every soundscape camp made the
following observation about how the camp increased content knowledge in the areas of physics
of sound and human hearing:
This class gave our students a sense of the physical aspect of sound. Sound is often
thought of as incorporeal [intangible], but when students can feel the spectrograms and
learn the physics of sound, it makes sound more tangible. I think this may also help
students understand the damage that loud sounds could have on their own lives.
Using tactile models of spectrograms made the concept of sound more accessible to
students and helped to improve their understanding of the physics of sound while simultaneously
enabling practical application of that knowledge.
Throughout the camp, students gained an applied understanding of scientific practices.
They developed abstract thinking skills through active engagement with the scientific research
process. On the last day, students conducted their own soundscape research projects and worked
in teams to define relevant research questions. Each team used recordings as data to design its
own study, employing acquired soundscape concepts to analyze their data and draw conclusions
about their research questions. For instance, one group posed the question, “What is the
difference in soundscape diversity between two habitats—a pond and a garden?” One student
explained why this project appealed to him:
I like […] being able to [design] our own question and try[ing] to build off that and see
where you end up because I thought that […] it gave my brain more thought—like,
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“Where can this go? How would this sound change?” […] Like, the hardest part was
figuring out what would be a good hypothesis […].
The activities challenged students to promote systematic thinking about their surrounding
environments.
Exposure to scientific tools also promoted the practical application of scientific practices,
as students learned how scientists use tools to collect and analyze data. In soundscape camp,
students used a Wildlife Acoustics Song Meter SM2 to collect audio data, and they mastered the
process of programming and deployment (Figure 4-10). Later, they learned how to interpret the
recordings for scientific purposes. A student who was captivated by recording technology
offered,
I would say [that] my favorite [activity] was when we went outside, and we would record
our own soundscapes […]. It was very fun when we would record, and we would get a
little bit of each category [biophony, geophony, and anthrophony] on a recording. […]
We could [program the Song Meter to] record at different locations and time[s], even at
night! Then we [could] make the diagram of the sound waves [that] was so accurate to the
sound.

This student clearly demonstrated awareness of how a Song Meter could be deployed to
collect spatial and temporal data and the categorization and visualization techniques with which
those data could be analyzed.
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Figure 4-10 Maryam Ghadiri introduces a student to a Song Meter SM2 and teaches her how to
program it (photo by Sophia Lisle, CGS).

4.3.2. Affective Development
In addition to cognitive development, students experienced joy, excitement, and social
interaction—all important contributors to affective development. The soundscape camp had a
positive affective impact by increasing students’ appreciation for nature, encouraging active
listening to their surroundings, and triggering an interest in STEM- and sound-related careers.
The exposure to acoustic recordings of many ecosystems and interaction with nature on the
Perkins campus promoted students’ appreciation for nature. Listening to diverse soundscapes
was a key factor that sparked the students’ interest from the first moment of the camp. Field
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notes highlighted the fact that students were fully engaged with activities that promoted listening
whether the activities exposed students to diverse soundscapes from different global ecosystems
or encouraged outdoor exploration and sound walks at different locations on the Perkins campus.
Students showed excitement and joy at being able to explore any ecosystem, and they were
especially enthralled by animal sounds and the spatial and temporal diversity of the soundscapes
they heard. Their persistence in listening to additional soundscapes from different ecosystems or
repeatedly requesting to hear more biophony and discuss how and why those sounds evolved are
illustrative of student fascination with nature. When asked, “What is one of the most significant
things that you’re going to take with you from this camp?” one student replied that they walked
away with “a respect for nature.” Their outdoor experiences helped students to become aware of
the complexity of soundscapes in their immediate environments and led to new appreciations for
sound and nature.
Various outdoor activities introduced students to deliberate listening practices. The
students, who already had great listening skills, were inspired to surpass acoustic awareness and
become active listeners by focusing their attention on what natural sounds mean and how they
are used by scientists. Exposure to diverse sounds in their immediate surroundings changed the
way in which students perceived their environments. Students shared that the camp taught them
to listen more actively and motivated them to explore outdoor environments to listen to
soundscapes. One student mentioned in the pre-interview that he uses sounds to, “locate things.”
The same student referred to active listening as, “sight to ears,” in the post interview and added
that “[soundscape camp] inspired me [to] just go outside on my porch—just go randomly outside
and record things that I used to not really think about that much, but [that] I think about […] a lot
more now.” Even these students, who were already exceptionally acoustically aware due to their
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visual impairments, left camp with heightened acoustic attention and greater interest in deliberate
listening practices.
Fieldwork and use of authentic scientific equipment sparked curiosity and led to student
interest in STEM- and sound-related careers. As students engaged in scientific practices while
incorporating these elements, they gained confidence and comfort that allowed them to identify
with scientists and envision their potential for success in STEM- and sound-related careers.
When asked in a pre-interview what scientists do and whether he would want to be one, a student
responded, “A scientist stud[ies] science topic[s]. A scientist will go and see what types of
disease there [are] in the world. [I don’t want to be a scientist because] it would be a lot of work
for me.” After, the same student wanted to be a “soundscaper” and shared,
I [thought] a scientist [...] was someone like from [the] medical [fields or] something—
you know, a big professional geek, [studying] stuff and things that I wouldn't
understand—but now […] I realize […], in a way, we kind of can all be scientists.
Because a scientist is just an ordinary person who is extremely intrigued, curious, and
really wants to know about something that they don't understand. And they take a leap of
faith.
This student clearly changed his perception of scientists and now sees himself as capable
of actually being a scientist.
In general, the soundscape camp used the personal experiences of students with visual
impairments, who rely on sound daily, to engage and inform them about STEM topics. Activities
were familiar at first and based on everyday experiences with sound, but then gradually became
more challenging throughout the duration of the camp based on a scaffolding approach that helps
students build knowledge and gain confidence in practicing science. This approach allowed
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students to identify with the topic and learn about soundscape ecology by becoming more aware
of natural sounds, their importance in ecology, and the impacts of humans on ecosystems.

4.4. Conclusion
This study has demonstrated that YELLs, an informal learning curriculum about
soundscape ecology, is a highly effective tool for encouraging STEM interest and connection
with nature in students with visual impairments. Student interviews and field notes revealed
many students who expressed increased interest in STEM and heightened connection with nature
after participating in the soundscape camp. Students with visual impairments already perceive
environments largely through sound, and many navigate through mental sound maps of their
surroundings (Hugdahl et al. 2004). Observing the environment through the lens of soundscape
ecology enhances this skillset and develops a stronger appreciation for nature that is grounded in
STEM.
Teaching students with visual impairments presents certain challenges, especially
concerning outdoor fieldwork and concepts that are typically presented through visual media, but
we identified techniques that made the soundscape camp accessible for these students in a way
that maximized their independence and autonomy. The cognitive and affective development
expressed by students underscores the success of these efforts. Through direct interaction with
nature and active learning, students increased their awareness about their surrounding
environments and came to identify with STEM-based careers.
We sought to flip the paradigm of disability by introducing students to a field in which
their heightened aural skills were a unique asset, and this approach could likely be applied to
other topics for students of varying abilities. We hope that others may be inspired by this
curriculum and introduce it and adaptations in various settings.

Table 4-1 Select YELLs activities and their alignment with the Next Generation Science Standard.

Activity

Dimension 1:
Practices

Dimension 2: Disciplinary
Core Ideas

Dimension 3:
Crosscutting
Concepts

Obtaining,
Evaluating, and
Communicating
Information

Waves and Their
Applications in
Technologies for
Information Transfer (MSPS4); Wave Properties
(MS-PS4.A)

Patterns; Structure
and Function

Engaging in
Sound Scavenger Hunt
Students use recording devices Argument from
to explore the surrounding
Evidence
environment and its diverse
sounds.

Earth and Human Activity
(MS-ESS3); Human
Impacts on Earth Systems
(MS-ESS3.C)

Patterns; Stability
and Change

Be a Molecule
Students learn how the
movement of particles
transfers sound from source to
receiver.

Be a Scientist, a Real
Soundscaper
Students conduct scientific
research by developing a
research question, hypothesis,
and study methods; collecting
acoustic data; and analyzing
and interpreting results.

Analyzing and
Interpreting Data;
Engaging in
Argument from
Evidence; Obtaining,
Evaluating, and
Communicating
Information

Ecosystems: Interactions,
Cause and Effect;
Energy, and Dynamics
Structure and
(MSLS2- 5); Biodiversity
Function
and Humans (MSLS4.D);
Waves and Their
Applications in
Technologies for
Information Transfer (MSPS4); Information
Technologies and
Instrumentation (MSPS4.C)

107

108
4.5. References
Erwin, E.J., T.S. Perkins, J. Ayala, M. Fine, and E. Rubin. 2001. “You don’t have to be sighted
to be a scientist, do you?” Issues and outcomes in science education. Journal of Visual
Impairment and Blindness 95 (6): 338–52.
Falk, J.H., N. Staus, L.D. Dierking, W. Penuel, J. Wyld, and D. Bailey. 2016. Understanding
youth STEM interest pathways within a single community: The synergies project.”
International Journal of Science Education, Part B 6 (4): 369–84.
https://doi.org/10.1080/21548455.2015.1093670.
Fraser, W.J., and M.O. Maguvhe. 2008. Teaching life sciences to blind and visually impaired
learners. Journal of Biological Education 42 (2): 84–89.
https://doi.org/10.1080/00219266.2008.9656116.
Hugdahl, K., M. Ek, F. Takio, T. Rintee, J. Tuomainen, C. Haarala, and H. Hämäläinen. 2004.
Blind individuals show enhanced perceptual and attentional sensitivity for identification
of speech sounds.” Cognitive Brain Research 19 (1): 28–32.
https://doi.org/10.1016/j.cogbrainres.2003.10.015.
Jones, M.G., J. Minogue, T. Oppewal, M.P. Cook, and B. Broadwell. 2006. Visualizing without
vision at the microscale: Students with visual impairments explore cells with touch.
Journal of Science Education and Technology 15 (5–6): 345–51.
https://doi.org/10.1007/s10956-006-9022-6.
Moon, N.W, R.L. Todd, D.L. Morton, and E. Ivey. 2012. Accommodating students with
disabilities in science, technology, engineering, and mathematics (STEM): Findings from
research and practice for middle grades through university education. Athens, GA:
SciTrain: Science and Math for All.
National Research Council (NRC). 2012. A framework for K–12 science education: Practices,
crosscutting concepts, and core ideas. Washington, DC: National Academies Press.
www.nap.edu/catalog/13165/a-framework-for-k-12-science-education-practicescrosscutting-concepts.
Pijanowski, B., A. Farina, S.H. Gage, S.L. Dumyahn, and B.L. Krause. 2011. What is
soundscape ecology? An introduction and overview of an emerging new science.
Landscape Ecology 26 (9): 1213–32. https://doi.org/10.1007/s10980-011-9600-8.

109
Thomas, D.R. 2006. A general inductive approach for analyzing qualitative evaluation data.
American Journal of Evaluation 27 (2): 237–46.
https://doi.org/10.1177/1098214005283748.
Wu, H.-K., J.S. Krajcik, and E. Soloway. 2001.Promoting understanding of chemical
representations: Students’ use of a visualization tool in the classroom.” Journal of
Research in Science Teaching 38 (7): 821–42. https://doi.org/10.1002/tea.1033.

Appendix A. Curriculum overview.
Activity

Activity Name

Day

1

Sound
Production

1

2

Be a Molecule

1

3

Using Tools to
Listen

1

4

Animal Echo

1

5

Find Your Pair

2

6

Audio Bingo

2

7

Sound Walk

2–4

Number

Learning Objectives
Define sound, frequency, and amplitude.
Explain different terminology related to physics of sound.
Describe how different frequencies of sound can be produced.
Describe how sound propagates through groups of molecules.
Explain why sound requires a medium to propagate.
Discuss why the speed of sound is different in different states of
matter.
Compare how different ear shapes can affect hearing.
Compare how different ear materials can affect hearing.
Understand how and why different animals hear differently.
Realize that different animals produce a diversity of sounds.
Classify different methods that animals use to produce sound.
Discover methods to replicate animal sounds.
Learn how to identify species through listening.
Describe how noise can impair animal communication.
Hypothesize why animals produce sounds at different times,
frequencies, and amplitudes.
Aurally identify different sound sources.
Learn different terminology for sound categories (biophony,
geophony, and anthrophony).
Articulate the difference between sounds and soundscapes.
Identify different sources of sounds in your surroundings.
Compare the diverse sounds at different locations.
Categorize sounds in soundscapes by their sources (biophony,
geophony, and anthrophony).
Increase awareness of your acoustic surroundings.

Group
Size

Setting

3

outdoors
or indoors

all
students

outdoors
or indoors

2–4

outdoors
and
indoors
outdoors
or indoors

3–5

all
students

outdoors
or indoors

all
students

indoors

5 or 6

outdoors
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8

Sound Map

2 and 5

9

Sound
Scavenger Hunt

3

10

Soundscape
Data Collection

1–4

11

Global
Soundscapes

3

12

Sound
Visualization

3 and 4

13

Travel for
Soundscape
Studies

4 and 5

5 or 6

outdoors

individuals
or pairs

outdoors
or indoors

all students

outdoors
and
indoors

3 or 4

indoors

2 or 3

indoors

2 or 3

indoors
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Identify and locate the primary sources of sound in an
environment.
Characterize diverse sounds through representative drawings
and/or materials.
Describe the relative prominence of various sounds within their
soundscape context.
Learn how to use a recording device.
Assess the quality of field recordings.
Learn the necessary techniques to make high-quality field
recordings.
Appreciate the difficulty of making high-quality field
recordings.
Express your personal responses to sounds in your
environments.
Design your own model of an automated acoustic recorder.
Learn how to use a real automated acoustic recorder to collect
soundscape data.
Observe the temporal and spatial changes in soundscapes and
hypothesize explanations for those changes.
Define biomes and the features that distinguish them.
Identify the locations of different biomes.
Explain the relationship between biomes and their soundscapes.
Define sound visualization.
Learn to use Audacity to visualize and manipulate audio files.
Learn to analyze and interpret oscillograms and spectrograms.
Explore artistic uses of sound and soundscape recordings by
creating a soundscape composition.
Describe how scientists use soundscapes as data.
Apply audio visualization techniques to analyze soundscapes in
a scientific context.
Generate hypotheses about soundscapes based on environmental
information.
Revise hypotheses after analyzing soundscape data.

Learn about the importance of soundscapes in human culture.
14

Soundscapes
and Roads

4

15

Be a Scientist,
A Real
‘Soundscaper’

5

Quantify the consequences of noise for animal populations.
Apply soundscape ecology knowledge by conducting a
soundscape field study.
Quantitatively compare soundscape recordings.
Develop a testable soundscape research question.
Design an experiment to answer your research question.
Predict an answer to the research question and develop a
hypothesis explaining that prediction.
Apply soundscape recording knowledge to collect data.
Interpret soundscape data to answer the research question.

2 or 3

outdoors
and
indoors

3 or 4

outdoors
and
indoors

112
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CHAPTER 5. CONCLUSION

This dissertation focused on (a) conducting soundscape ecology research that examined how noise
impacts biological sounds and avian species occurrences across a historically significant conservation
area, and (b) the effectiveness of a multi-day, soundscape ecology outdoor summer camp of two very
different groups of youth who participated in this informal learning experience. Chapter 2 presented the
results of soundscape ecological research conducted at the Leopold Pine Island Important Bird Area
(IBA) in central Wisconsin. We examined the hypothesis that there would be a detectable difference
between the biological soundscape in areas with noise and those with non-noise impacts of highways and
how these biological sources of sound correlate with avian survey data. For Chapter 3, a qualitative
review was made of the implementation of soundscape ecology curricular materials provided insight into
the understanding of the impact of informal STEM learning on middle school participants. Chapter 4
examined the learning experience of youth who have visual impairments from the perspective of
individual interest development. This dissertation spanned both scientific and educational research
because we argue that to develop correct and effective curricular materials; one should have considerable
expertise in field of scientific research outlined in the materials. Below is a summary of the objectives,
methods and conclusions from each chapter with brief overviews of their implications and
recommendations for other researchers.
The property where Aldo Leopold resided, documented natural sounds in the 1940s, and wrote a
large portion of his seminal book, the Sand County Almanac, was the subject of the research in Chapter 2.
We evaluated the impact of two highways (I-39 and I-90) on bird diversity on his property that was once
pristine habitat. LiDAR was used to characterize the three-dimensional structure of habitat across the
area. We hypothesized that the highways have a negative impact on bird diversity because of habitat
fragmentation and the occurrence of low-frequency traffic noise. We found that, at the species level,
interior specialists such as the White-breasted Nuthatch and Great-crested Flycatcher were negatively
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affected by the presence of the highways; this pattern was contrary to edge specialists such as the Redwinged Blackbird and Gray Catbird, who were not affected by the highways. We concluded that habitat
structure affects bird diversity, but acoustic quality of the location is the main driver of bird distribution at
this location. Interior specialist species avoid highways because they are not only affected by structural
change of the habitat, but also by the traffic noise from the highways which masks their communication.
We make several recommendations for how this type of research could be improved. The work presented
in Chapter 2 is also important from the standpoint that Aldo Leopold, in the Sand County Almanac,
describes the land ethic that initiated the biological conservation moment highlighting the important need
to focus on people and wildlife interactions.
In Chapter 3, we explored how informal outdoor experiences contribute to interest development
in STEM and active learning, while also increasing understanding by youth of environmental issues.
Previous research in environmental STEM education has focused on brief interactions, such as one-time
visits of designed informal settings (e.g., museums). In response to this issue, our research focused on the
impact of multi-day/longer experiences in natural settings. We found that the level of engagement with
STEM topics was greatly enhanced when youth were exposed to in-depth, hands-on activities in multiday summer camp experiences. We used qualitative analysis and open coding to find emerging themes
from information obtained from interviews. Our findings showed that the soundscape ecology camp
effectively exemplified a free-choice/informal learning environment that is hands-on, interest driven,
collaborative, student-centered and process oriented. We identified three successful core principles of
informal outdoor curricular design: (1) direct experience with nature, (2) hands-on use of authentic
technology, and (3) discovery exercises that promote teamwork. More specifically, the curriculum helped
participants to become more aware of the sounds around them, understand the importance of the different
stages of scientific research, and appreciate nature and natural soundscapes in their surrounding
environment. For future research, it would be perhaps more informative to have a “control group” of
youth presented with the fundamental concepts of soundscape ecology in the formal setting of science
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classrooms to compare and contrast the impact of a soundscape ecology camp held solely outdoors in the
informal learning context.
Chapter 4 explored the impact of a modified summer camp has on STEM learning by participants
with visual impairment. The high reliance on visual communication in STEM fields is well documented,
but this reliance also limits opportunities for students with visual impairments to pursue STEM careers, so
it is desired that our research may recruit underrepresented individuals to STEM. Our research showed
that soundscape ecology is especially suited to introduce STEM concepts to students with visual
impairment. Using multiple adapted strategies, we found that our summer camp curriculum was a highly
effective tool for encouraging individual STEM interest and connection with nature. We identified several
techniques that made the soundscape camp accessible to this group. Using pre- and post- camp interviews
and field notes, we found that participation in soundscape ecology camp by the visually-impaired
contributed to 1) understanding of scientific practices and application of scientific technology, 2)
appreciation for nature and motivation towards active listening, and 3) interest in STEM- and soundrelated careers. This research allowed us to flip the paradigm of disability by introducing students with
visual impairment to a field in which their keen aural ability and hearing skills were a unique asset.
Finally, this work also highlights how to make STEM accessible for differently-abled students by
considering accessibility factors and adaptation strategies. We introduced the strategies and techniques
that worked as facilitators throughout this educational process that can be utilized as a framework upon
which future STEM educational work and curriculum design can be built.
We hope that the findings of our current study can help both informal educators and conservation
biologists. Ideally, the work presented here exemplifies the need to conduct both environmental and
educational research in order to maximize impact of informal curricular materials. It also spans
quantitative and qualitative methods and explores how the visual and visually-impaired can benefit from
outdoor summer camps experiences that rely on listening and the use of technologies that soundscape
ecologists. Indeed, to increase participation in STEM and to advance frontier paradigms such as
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soundscape ecology, new interest development approaches are greatly needed. Furthermore, as our land
surface becomes increasing more noisy, we need solutions that allow for nature to be a little as impacted
as possible.
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FUTURE WORK

The main aim of this study was to understand how participation in an intensive multiday
STEM summer camp contributes to the cognitive and affective development of different groups
of youth. As a result of this study, we achieved a greater understanding of youth experience in
environmental-oriented STEM camp. However, there are other questions about environmental
education, informal education and curriculum design that can be researched as a follow up to this
dissertation.
1) First, with regards to the camp instructor, they were all experts in the field of soundscape
ecology and fully engaged in the process of curriculum design. This facilitated
implementation of the camp as they were motivated to promote different scientific
practices using authentic technology. Replication of a qualitative study in such integrated
STEM camp with a less trained instructor, who is not an expert, can be interesting not
just in gauging the level of motivation transfer. Such a study would help researcher to
better understand the contribution of soundscape summer camp to participants’ cognitive
and affective development without the initial interest and biased positionality of the
instructor toward the topic.
2) Furthermore, none of the studies focused on the role of gender on technology use in the
camp or in connection to nature. Such studies are essential to addressing gender
misconceptions in environmental-oriented STEM education such as the misconception of
higher competence of male participants in technology use or higher biophilia and positive
connection of female participants with nature.
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3) It is well-documented that individual interest has an important role in connecting learners
to the STEM fields. We propose the design of a more detailed instruments (e.g. more
comprehensive pre-interview from participant and the parent) to understand and quantify
the contribution of prior experience and interest in the development and expansion of
new STEM interest and identity. In addition, while most of the participants in the
soundscape camp reflected initial interest either in technology or nature, study of
individuals with no prior experience and interest in technology and nature exploration
would be beneficial. It would lead to a better understanding of the impact of such indepth environmental-oriented STEM summer camp.
4) The soundscape summer camp was an intensive 4-5-day experience, I would also be
important to compare how long the cognitive and affective outcomes would last when
participants are not placed in such a rich learning environment that promote the in-depth
interaction with STEM. Furthermore, I am interested in assessing the impact of a
longitudinal study where students are engaged with STEM topics over the course of
several months to measure the sustainability and development of the cognitive and
affective outcomes. The results of longitudinal study can help define some valid
indicators about the identity phase and interest development that could later be used for
the participants’ career choices.

5) Lastly, there are studies that focus on free-choice learning rather than informal education
to focus on nature of learning, autonomy and control rather than location. I am curious to
see the result of the comparison of the implementation of the same environmentaloriented STEM curriculum in a school classroom vs. a summer camp to understand the
contribution of context/educational setting on the STEM learning of the youth.
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